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Brass Christian Relics

Koichi Goto

Introduction

In this paper, I focus on largely metallic relics of Christianity such as devotional medals, crosses, and
reliquaries.

My research thus far has been archaeological studies conceming devotional medals during the
missionary period (archacological missionary period: 1549 to the end of the Shimabara turbulence in
1638") in Japan. I have mainly classified and inspected devotional medals excavated from sites located
in Japan, and objects that have been passed down within Japan, as well as material from the National
Art Museum of Catalonia in Barcelona. In order to study these medals, archaeological verification was
conducted for both form and material, with particularly highly i ination carried out using
X-ray fluorescence analysis and lead isotope ratio analysis. In particular, most of the excavated relics
from the Medieval castle town known as "Bungo Funai'(official site name "Chywsei Otomo
Funai-machi site”) were found under a layer of burnt soil, which was as a result of an invasion from The
Shimazu (a feudal lord of Satsuma) in 1587, Therefore, it is this bumt layer that can be said to be the key
to knowing that around 1590 was the tuming point of change in form and material. Regarding the
material, until around 1590, they were mainly made of lead, tin, and pure copper which can also be seen
in Frois’ "History of Japan", a record from the time. However, after around 1590, the number of brass
medals increased. Furthermore, it was discovered through the excavation of lead ingot (made in Song
Toh -Mine in Thailand) and lead isotope ratio analysis that the lead, tin and pure copper medals were
produced in Japan or some Asian countries which were part of the “Nanban trade” routes, whereas the
brass medals were made in the West. In other words, it shows a shift in the form of distribution of
Christian relics from around 1590, changing from domestically produced lead and tin medals to brass
‘medals being brought in from the West.

Therefore, T pointed out three possible factors of this change.

(a) Due to the Bateren Tsuihorei (an edict expelling the Jesuit missionaries) in 1587, domestic
production of devotional medals was restricted, so they relied on imports from Europe.

(b) In 1590, after the Tensho-keno-shonen-shisetsu (The Mission of Youths to the West in the Tensho
Era) came back to Japan, the Christian goods and technology that was brought back had an
influence on later Christian relics in Japan,

(c) From 1590, the Spanish Mendicant M ies (Franci Dominican, Augustinian etc.) started

coming to Japan, and religious items were distributed in a different way to the Jesuits.

To be honest, (a) is an important factor, but does not fully explain why the prominently used
material changed from lead and tin to brass. In Japan, the oldest brass medal to have been investigated
was the "Gregorio XIV" medal. This medal is engraved with the year “1591". In addition, the earliest
brass medals igated in Europe (the collections of the National Art Museum of Catalonia) are from
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Under such circumstances, I had the opportunity to analyze the data of the Spanish wreck La Girona,
which sank off Norther Ireland in 15887, There were 15 medals pulled up from the sea, all of which are
currently in the Ulster Museum in Belfast. Thanks to Dr. Greer Ramsey (curator of this museum) we
were able to research in Belfast, so 1 would like to express my gratitude to him and his colleague Ms.
Siobhan. The medals found in La Girona are key to clarifying the situation before the year 1588 in the
West. Therefore, I will first look at the survey results.

2. Christian Objects in the West before 1588

Medals discovered from La Girona

In 1588 La Girona was chased from the British fleet during the Battle of Armada and sank off in
Lacada Point near Belfast (Northem Treland). We surveyed 15 devotional medals found in this wreck®
(Fig.1). The survey was conducted by actual measurement, interpretation of images, photography,
fluorescent X-ray analysis and lead isotope ratio analysis. The measurement data, photographic data,
graphic analysis, and fluorescent X-ray analysis have already been reported by Prof. Hitomi Asano and
Mrs. Yuki Hieda®, so please refer to that for details. In this paper, T will include newly obtained lead
isotopic ratio analysis data and already reported data of fluorescent X-ray analysis, and again consider
these medals from the aspect of material and form.

Table.1 is the result of fluorescent X-ray analysis. 5 are made of tin (Fig.1-3, 5, 8, 12, 14), 4 are made
of lead and tin (Fig.1-1, 4, 6, 15), 2 are made of silver (Fig.1-2.11), 2 are made of brass (Fig.1-9.10) and
2 are made of lead (Fig .1-7, 13). As a result, lead and tin medals occupy 11 out of 15 medals, so it is
understood that the main material of the medals in La Girona is tin. On the other hand, only 2 were
made of brass, demonstrating their rarity. Although the precise situation of the West cannot be depicted
with just 15 pieces of material, I believe that the result may be a valid representation of the situation in
the West. Tn other words, even in the West, there is possibility that the tin medals were made mainly
prior to around 1590, and the brass medals were mainly made after around 1590. If this is the case, it
explains why the distributed medals in Japan were made mainly made of brass when they became
difficult to produce domestically because of the ban of Christianity.

I will now consider this from a phological
aspect. Regarding the planar shape, 4 circular shapes

(Fig.1-1,6,7, 15), 10 elliptical shapes (Fig.1-2t0 5, 8, qufmb_l_ _I_ Adrilled hole
9, 11 to 14) and one in the shape of a cross (Fig.1-10) :
were confirmed. The circle and cross-shaped forms - Tosoal s

are characteristics seen in the Japanese missionary
period, and thus confirms-relations between Japan

and the West.
1 will now look at the tabs of the medals. For
medals other than the cross-shaped protrusion type mmfnﬁmeofwmmﬂ
during Japan's missionary period, it was normal to Minamishimabara City Board of Education)

have a “small stage” (the part between the medal and

* This work was supported by JSPS KAKENHI Grant Number IP 16 H 03514

* Threemedals(Fig.1-13 to 15) are found in La Girona or La Trinidad Valencera.

* Hitomi Asano : A Study on Devotional Medals Excavated from the Spanish Armada Wrecks Preserved in the Ulster
Museum (Belfast), $EOASCHTE, 23, 2017



the tab) attached to the upper part of the medal. However, this “small stage” is not seen at all in La
Girona (Possibly in Fig. 1-4 but it is unclear).

Looking further at the hole of a tab, the medals are classified according to the direction of the hole
through which a string or chain passes. A hole drilled from the front is termed “front-hole”, and when a
string is passed through this type of hole and the medal is suspended, the medal’s surface tums away. On
the other hand, when the hole is drilled across the medal it is termed a *'side-hole” where the medal faces
forward when suspended by a string. The front-holed medals can also face forward if connected to an
additional ring. Although it is the side-hole form that is seen in most of the medals during Japanese
missionary period, the more prominent amongst the medals of La Girona are the front-hole form
(Fig.1-3 to 5,8,12,14), with the exception of the cross-shaped form (Fig.1-10).

The above morphological characteristics show that the medals during the missionary period in Japan
do not directly reflect the morphological characteristics of Western medals at that time. In other words, a
certain form of westem medals of those days entered Japan or Asia, and became popular in Japan and
Asia. This would be evidence to prove that the medals during the missionary period in Japan were not
made in the West but made in Asia.

Furthermore, lead isotope ratio analyses of the medals in La Girona were performed. Looking at the
result, this time under the leadership of Dr. Yoshimitsu Hirao (visiting Professor of Teikyo University)
and Mrs. Hiroko Watanabe (Nippon Steel Sumikin Technology), the ratio of lead isotope in 12 of the La
Girona medals was analyzed. Below, I will discuss the results based on the view of Dr. Yoshimitsu
Hirao. (See Dr. Hirao's article in this bulletin)

‘The graphs show that La Girona objects are found in the lower part outside of the Japanese region in
Fig:2, but in the upper part of the Japanese region or between the Southem China and Japanese regions
in Fig.3. With it slightly within the Japanese domain in Fig.3, but not in Fig.2, it is difficult to think that
the materials of La Girona objects are from Japan.

Dr. Hirao says that, when comparing it to data studied so far, although the distribution pattem of the
Catalonian samples is similar to that of the La Girona material, they do not coincide directly. He points
out the possibility that mines in England may have to do with the La Girona objects, but it seems that
this cannot be confirmed at this stage. However, Hirao points out that medals of La Girona appear not to
be related to East Asian materials, but Western materials, This carries great significance, as it reaffirms
that the lead and tin medals distributed in Japan prior to around 1590 were not brought from Europe, but
made in Japan or Asia. This, in tum, has clarified the back d of domestic production of lead and tin
medals prior to around 1590. Because lead and tin have low melting points, they are easily made, so it is
understood that it was made for the general public in Japan, as it was not of very high quality.

In fact, in Frios’ book "History of Japan”, the woman who had "Lead Medal" was the Christian
elderly lady, the man who put "Tin Medal" around his neck was the servant of the church and the lord
Whowasgiven“Go]dmMedﬂl"medaNobmaga{'ﬂmughﬁﬂs,iimhewmizedﬂ\atﬂmwm
a clear difference between the general public and Daimyo. It is thought that this difference reflected the
situation in the Westem.

In the description of Frois’ "History of Japan", “When the Christians of the Hirado Islands knew that
the Fathers brought the consecrated “Veronica™ and beads, some left their houses and others left with
wives and children, and despite being poor, hired vessels to go to Yokoseura. When asked what they
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came to do, their response was only to ask for a blessed account and a “Veronica”® This description
reveals that the missionaries clearly brought the Christian objects themselves and gave them to Japanese
Christians, who were extremely lusting afier them.

Therefore, one reason why medals were mainly made in Japan is thought to be because missionaries
ran short of medals to give to Japanese Christian. However, until now, no lead or tin medals used
western materials have been confirmed in Japan. There are two possible reasons for this. On the premise
that there is a possibility that lead and tin medals indicating Westem-made data will come out in the
future,

@ The medals brought to Japan by the missionaries were not made in the West but made
somewhere in Asia other than Japan.

@ Besides the medals brought by the missionaries at the beginning, Western medals were not
brought to Japan and were switched to being domestically produced.

As for (D, medals which can be clearly distinguished between being Japanese-made and
Asian-made are limited. First of all, it is clear that the Funai-type medals’ were made in “Bungo Funai
(Oita city)”. The reason for this is that almost of them were excavated in Bungo Funai, and the conical
lead ingots made in Thailand’s Song Toh-Mine which were used to make Funai-type medals were also
excavated in Bungo Funai. Furthermore, unfinished products of other metal products have been
excavated close to the spot where Funai-type medals were found. There is also a high probability that
the “Veronica” medal was made in Japan because its mold was excavated from the Hakata sites in
Fukuoka city. Although other lead and tin medals except Funai-type medals and the *“Veronica” medal
did not show any Westem origin, it's difficult to determine whether they were made in Japan or in other
Asian countries. I would like to now verify the more specific details of the lead and tin medals, paying
special attention to lead and tin contents.

See Fig4. The oldest medals, such as those excavated from Bungo Funai (before 1587) and those
found in La Girona (before 1588) were measured by the lead isotope analysis. As a result, the former
used Asian materials so they were manufactured in Asia (Thailand, Korean, South China) or in Japan,
whilst the latter used Western ials so were 1 in the West. In Fig4. the medals
excavated from Bungo Funai and the La Girona medals are plotted in different areas, which indicates
that the metallic composition of each object is obviously different despite being made in similar periods.
The medals excavated from Bungo Funai contain mainly lead, whereas La Girona medals contain
mainly tin, Therefore, before 1588, it can be seen that the material made in Japan was is mainly made of
lead and those from the West had a tendency to be mainly tin.

Next, T will look at the medals during the missionary period (the latter half of the 16 century to
early 17" century) in Japan that were not excavated from Bungo Funai, A total of 18 were analyzed
using a fluorescent X-ray machine (Fig. 54 to 21), of which 7 had its material confirmed using lead
isotope ratio analysis. Fig.5-5, 6, Fig.5-8 are from the Korean Peninsula, Fig.5-9, Fig.5-10 are made
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7 These are medals which replicated the medals brought into Japan. They are thought to have been manufactured in Funai, and

are made of pure copper, lead and tin, with many in particular being made of pure lead. The particular type of lead used was

revealed by lead isotope ratio analysis as being from the Song Toh-Mine in Thailand. Furthermore, a conical lead ingot made

from this mine was also discovered at the Funai site. Therefore, it is thought that these pure lead medals were manufactured by

'melting this conical lead ingot. (Koichi Goto , A Study of Funai-Type Medals IT. An Archacological Study of Funai dals”
(unshin Journal of Human Studies No.19, Nagasaki Junshin Catholic University, February/2013) )
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from materials of Song Toh-Mine in Thailand. As for Fig.5-4 and Fig5-7, the production regions are
unknown, but it is most likely that they are from South China or the Korean Peninsula. From the above,
it can be seen that Asian materials were used for all lead and tin medals of which their provenances have
been confirmed by lead isotope ratio analysis. Looking at the samples of Fig. 4, it is understood that the
metal composition is greatly different from the medals excavated from Bungo Funai and the medals
discovered from La Girona, with almost of them consisting of a mix of lead and tin.

The above results confirm that the metal composition of the medals made in Japan or other Asian
countries during the missionary period (the latter half of the 16™ century to early 17" century) were
mainly pure lead or alloys of lead and tin (pewter).

Based on these observations, 1 would like to revisit Fig.4. There are eleven items of which the lead
isotope ratios have not yet been analyzed and their production areas are unknown. These medals are
represented by “x” in Fig.4. These samples are plotted in almost the same places as the seven medals
made in Japan or other Asian countries as seen earlier and it is understood that the alloy of lead and tin is
the main component. In other words, the medals of which provenance has not been confirmed by lead
isotopic ratio analysis have metal compositions that greatly differ to those made in the West, such as the
La Girona, and these medals were likely to have been made in Japan or other Asian countries.

From the above it can be said that () "The medals brought to Japan by the missionaries were not
made in the West but made somewhere in Asia other than Japan" is a valid possibility. However, at this
stage I only have data from 8 western-made medals from La Girona, so due to this insufficient data, I
would like to just present this as one tendency.

Next I'will look at @. At that time in Japan, it was confirmed that Christian objects were made by a
group of domestic civilians. For example, Contats, which counts the mumber of prayers, is thought to
have been mainly made of wood during this period. According to a missionary record, a tumner called
“Rokuroshi” was involved in its making®. Therefore, there is a possibility that a so-called professional
group of metal casters were involved with the making of devotional medals, At the site of Bungo Funai
called “Chyusei Otomo Funai-machi site”, the unfinished product of the weight was excavated in the
adjacentsmveyareawhmea]argemmberofﬁmaitypenmda]swmEmmd,soitisttmughtthata
professional group of weighing engineers were involved in making the Funai-type medals.

In other words, before 1590, ltﬁmndthatmmmnywaﬂ{wmmmmwmm
kinds of professional groups in Japan could produce Christian objects. It is also highly likely that the
power of a feudal lord was behind such professionals involved in the production of Christian objects. At
the time, in order to conduct missionary work throughout Japan, Jesuit priest Francisco Cabral took the
stance "There is no missionary superior to the feudal monarch", and conducted missionary work by
proselytizing to the Daimyo themselves. Based on this mission style, it is thought that lead and tin
medals were produced under the orders of Daimyo.

Therefore, @) “Besides the medals brought by the missionaries at the beginning, Western medals
were not brought to Japan and were switched to being domestically produced” can be also be seen as a
real possibility. In the future, it will be imporiant to determine whether the lead and tin medals were is
made in Japan or made in another Asian country. For that purpose, it will be necessary to examine
carefully the various aspects, such as the workshops where devotional medals were manufactured and
the excavated relics, such as molds.

The La Girona objects included 2 silver medals and 2 brass medals. As for the silver medals, it has
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not yet been confimed if they are from the missionary period in Japan. Regarding the brass medals,
many have been seen in Japan even after the 17" century, but before 1588, there was only one in the
Funai-type medals, and so there are very few brass medals. I will look into whether or not there were
brass medals made in Japan in the following section.

3. Domestic brass products before 1587

The problem is whether or not it was technologically possible to make brass products in Japan at the
time. Brass is an alloy of copper and zinc and because zinc has a low boiling point of 907 ° C, even if an
attempt is made fo obtain zinc by reducing zinc oxide with charcoal o the like, it sublimes and reacts
with oxygen, once again retuming it to oxide. In other words, pure zinc cannot be obtained unless vapor
produced by reducing the ore in a vacuum is cooled. Because this technology did not exist until the Edo
period in Japan, brass making was considered impossible in Japan during the Middle Ages, especially in
the Sengoku period (Period of Warring States). Although there are not many, brass products have now
come to be excavated throughout the country. Furthermore, regarding the brass products excavated at
the site of Bungo Funai “Chyusei Otomo Funai-machi site”, there are products that were obviously
made in Japan. I would first like to take a look at the relics excavated from the Chyusei Otomo
Funai-machi site.

Among the relics excavated at Chyusei Otomo Funai-machi site, those confinmed to be made of
brass by fluorescent X-ray analysis are as follows.

A Funai-type medal (Fig.6-1), chains (Fig6-2,3), a knife (Fig.64), locks (Fig.6-5, 6), thin metal
spoon-like sticks(Fig.6-7.8), a pin (Fig.6-9), thin metal ear pick-like sticks like (Fig.6-10), an ash spoon
(Fig6-11), a stone pillar (Fig6-12), etc. (Metal compositions are shown in Table 1). Looking at these
products, it is understood that thin long rods and thin wire like objects, such as chains, are commeon. This
is probably due to the fact that brass is an extensible material so is suitable for the shapes of such metal
products.

The material origins of these relics were identified using lead isotope ratio analysis and the results
are shown in Fig .7 and Fig .8,

To start, the Funai-type medal (Fig.6-1) and chains (Fig.6-2) are both from South China. Next, the
provenances of the locks (Fig.6-5) cannot be confirmed at present. In Fig,7, thin metal spoon-like sticks
(Fig6-7), a pin (Fig6-9), thin metal ear pick-like sticks(Fig.6-10) and a stone pillar (Fig.6-12) are
plotted in the lower part of the South China area and in Fig.8 they are plotted near the Thailand area.
Because they have close d values, it is gnized that their materials and backgrounds of
production are closely related. From the above, it seems that there is a high possibility that the materials
are from Asia, including South China.

The lead isotopic ratio analysis only indicates the provenance of materials, so I would like to discuss
where these objects were produced. Among these objects, the first object that is thought to have been
produced in Japan is the Funai-type medal originally made in Bungo Funai.

The knife, because it belongs to the Japanese sword, is also domestically made. The knife in Fig. 64
is an especially rare type. As shown in Fig. 6-4, an image of a fire-gun is represented on the surface.
Besides this, there has not been any lead isotopic ratio analysis, but an ash spoon itself is one of the tea
ceremony tools, so it is therefore considered to have been made in Japan.

As evident from the relics excavated from the site in Bungo Funai, brass products had already




started to be produced in Japan before the 1580s”. However, because there was no technique for zinc
refining in Japan, the question is how they made it. It is suggested that the provenance of the brass
products is likely to have been Asia, specifically mainly in China, judging from the lead isotope ratio
analysis. China is said to have succeeded in zinc refining for brass production in around 1550'"°. Based
on this fact, the brass products excavated in Bungo Funai can be thought to have been made by
importing brass material from China and processing it.

Another possibility is that copper and zinc were imported to produce brass. At the Kurosaki castle
ruins located in Kitakyushu City; a brass production workshop in the early 17 century was excavated.
In this site a lot of crucibles used for making brass have been excavated and thought to have been mixed
copper and zinc to make brass'’. With a difference of only 20 or 30 years between them, it is a
reasonable possibility that brass products were also manufactured in this way in Bungo Funai.

By accumulating the metal composition data of brass Christian objects not only in the 16" to the 17"
century but also in the 18" and 19° century, it has become clear that there have been changes in the
metal composition of brass. This change may be key in finding out how brass products were made in
Japan at that time. Next, I would like to closer inspect the change of brass metal composition by
analyzing the data.

4. Changes in metal composition of brass Christian objects

I would like to focus on the three metals — copper, zinc and lead. These metals are the main
components that make up brass.

(1) Brass medals of La Girona (Fig.1 Table.1)

As mentioned in the previous section, two of the 15 medals are made of brass. Fig.1-9 (BGR.469)
contain 89.4% copper, 7.0% zinc and 1.1% lead. Fig.1-10 (BGR.470) contain 66.7% copper, 16.3%
zinc and 1.9% lead, as well as 10.5% gold, which may be plated. In Frois’ "History of Japan" “the items
they provided him (Nobunaga Oda) with ......, a gold medal with a statue of Virgin Mary ...” There is a
possibility that the medal which was given to Nobunaga was similar to this.

(2) Christian objects owned by Sakitsu Church in Amakusa (Fig.9 Table.2)

Christian objects are divided into two groups based on the period that they were made. The first of
the two groups is from the latter half of the 16" century to the early 17" century and the other is objects
made in the 19 century'?, Looking at this data, among the eight objects from the first group, four (Figs.
9-1 to 4) are brass and the rest are made of lead and tin. This tendency of metal composition is a good
representation of the characteristics of the missionary period in Japan, The lead and tin medals can be
dated back to the 16" century.

On the other hand, all medals from the 19" century are made of brass (Fig.9-5 to 11). One of these
medals, with its ring hole drilled across is the shape that often appeared in the old type of medals. This
medal may have been made in the 18" century.

* A Funai-type medal (Fig 6-1) was excavated from a moat around Manju-temple. This moat was thought to be filled up until
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(3) Christian relics excavated from Hara Castle Ruins (Fig.10 Table.2)

Hara Castle is an archaeological site which became the last main battlefield of the Shimabara War
(1637 - 38), in which excavation has been conducted since 1992. Many relics of that time were
excavated from the ruins, and relics related to Christianity include the cross, medals, beads of the rosary
and flat roof tiles, with the intentions of a flower cross. Among them, the lead crosses are believed to
have been made by the Christians who stayed in the castle because they were made very simply, and
represents the painful position that Christians in the castle were in.

As a result of fluorescent X-ray analysis, it was found that 5 medals (Fig.10-1 to 5) were made of
‘brass. The data shows that the amount of zinc is as low as 10% or less, whereas many of them contain
more than 10% of lead. The tendency is that the amount of zinc is low and the amount of lead is high.
(4) Objects passed down in the Sotome Area (Nagasaki city) (Fig.11 Table 2)

Sotome is a town located in the northwest of Nagasaki City, a region where Christian culture
prospered, mainly in Shitszu and Kurosaki. Especially during the Meiji era, missionary work was
conducted by French missionary Father Marc Marie de Rotz, who made an important contribution in
not only missionary work but also industries, social welfare, civil engineering, architecture, medicine
and educational culture in this area. For this reason, there are a lot of Christian objects which have been
brought to this area in the re-propagation period during the Meiji era, We investigated and analyzed the
9 devotional medals and reliquary which were passed down in the Ryuji Matsukawa home in Kurosaki
town.

All of the devotional medals except the reliquary are thought to have been brought to this area in
19® century. However, medals in Fig.11-1 contain low amounts of zinc, inchuding figures like 6.2%, so
there is possibility that these medals were made in 18" century.

As for the reliquary in Fig.5, its shape and inscribed figure are often seen in the late 16™ and early
17" century during the missionary period in Japan. Results of the fluorescent X-ray analysis show that
the material of the lid and body of this reliquary is made of brass. The data of fluorescent X-ray analysis
show that the lid contains 86.9% copper and 5.2% zinc, and the body contains 87.7% copper and 3.1%
zine, showing a very low amount of zinc. This is an aspect of metal composition that is similar to the
relics excavated from the Hara Castle ruins, and can be thought of as the most common tendency during
the missionary period in Japan. Therefore, it is understood that this reliquary and the 6 medals shown in
Fig.11-5 were made completely different periods. This reliquary has been preciously handed down from
the missionary period (the latter half of the 16™ century to early 17th century) into the re-propagation
period of the 19 century, and the six medals were added in the 19" century.

This is the analysis data obtained by new investigations. I will next verify this data in addition to the
data of brass Christian objects already published (Fig.12-18 Tables 1,2). The metals of interest are
copper, zinc and lead. T will first look at the content of copper and zinc.

Fig.12 shows the content of copper and zinc for each source (sites, place of discoveries) of the brass
Christian objects. The data from the missionary period (the latter half of the 16® century to the early 17
century) is from Bungo Funai, Nyu, Hara Castle, Sites in Nagasaki, Ikitsuki Island, Armakusa 16c-17c,
Catholic Sakitsu Church 16¢-17¢, Sendaiji, Belfast and Catalonia 16¢-17c. Looking at how these
Christian objects are plotted, it can be seen that there are variations in the ratio of the content of copper
and zinc, and that the amount of zinc is mostly less than 20%.

On the other hand, in the lgﬂ'mmy,whmﬂaﬂewasanmdmd)eimlaﬁmnﬂﬁonanddnmmﬁc
reprobation took place, it is the data from Sotome, Amakusal8c-19¢, Catholic Sakitsu Church 18¢-19¢
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and Catalonia 18c-19c that is applicable. Looking at these, the majority contains more zinc than brass
Christian objects from the missionary period, and the amount of zinc is concentrated around 25 to 35%.
In addition, while the distribution of these results looks dispersed, the results of the re-propagation
period in the 19® century is considerably concentrated, and the results are plotted in a straight line.

This graph shows that brass Christian objects from the missionary period in the 16" -17% century
contains low amounts of zinc, including ones with less than 20%, and a varied ratio of copper and zinc.
brass Christian objects from the 19 century contain large amounts of zinc, as high as 25 to 30%, and
they contain no other kind of metal except copper and zinc. Therefore, there is a very clear distinction in
brass composition between the brass Christian objects from the missionary period in the 16% -17"
century and those from the 19" century.

The other type of metal that produced this difference is lead. I would like to take a look at the
relationship between copper, zinc and lead (See Fig,13). The vertical axis shows the value obtained by
dividing the amount of lead by the amount of copper, and the horizontal axis shows the value obtained
by dividing the amount of zinc by the amount of copper. The amount of lead increases when plotted
towards the top of the graph and the amount of zinc increases when plotted towards the right of the
graph.

Looking at this, the data from the missionary period (the latter half of the 16" century to the early
17" century; Bungo Funai, Nyu, Hara Castle, Sites in Nagasaki, Tkitsuki Island , Amakusa 16¢-17¢,
Catholic Sakitsu Church 16¢-17c, Sendaiji, Belfast and Catalonia 16¢-17¢) is largely plotted on the
upper left hand side of the graph and its distribution is dispersed. On the other hand, most of the data of
brass Christian objects from the 19® century (Sotome, Amakusal8c-19¢, Catholic Sakitsu Church
18¢-19¢, and Catalonia 18¢-19c) are plotted in lower right hand side. In other words, the brass Christian
objects from the missionary period (the latter half of the 16™ century to the early 17" century) contains
low amounts of zinc and high amounts of lead, whilst those from the 19® century contains less lead and
more zine.

Although the above data analysis focuses only the period when the brass Christian objects were
made, includes Western-made and Asian-made materials. Therefore, it is insufficient to equally compare
the objects which have different manufacturing processes. Therefore, I will now focus on each
production location of the brass Christian objects. Based on the results from the lead isotope ratio
analysis, I will look at it from the viewpoint of whether it is largely Western or Asian made. The first
thing to keep in mind is that the producing areas estimated by the lead isotope ratio analysis is for the
origin of the lead, and does not show where the brass was produced. However, as Asian lead was not
found to be used in Western medals in the lead isotope ratio of the relics found in La Girona, T will
proceed with the presupposition that the objects can be judged on the basis that if their lead isotope ratio
shows Asian provenance, they were made in Asia or Japan, and if they show Western provenance, they
were made in West.

See Fig.14 — 18. This is a graph showing the relationship between zinc, lead and copper, similar to
Fig.13. Fig.14 shows Christian objects from the missionary period (16™ - 17 century) made in Asia
using Asian materials. Because the data is plotted dispersed on the left hand side of the graph, the
tendency is that there is a large amount of lead and a small amount of zinc. Meanwhile, Fig.15 shows
Christian objects from the missionary period made in West using Western materials. It is plotted in same
location as in Fig.14, so the ratio of lead and zinc is similar to the Asian-made materials.

On the other hand, Fig.16 shows Christian objects from the 19 century made in Asia using Asian
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materials, and is plotted intensively toward the lower right hand side of the graph, showing a large
amount of zinc and very little lead. Fig.17 shows Christian medals possessed by the National Art
Museum of Catalonia (Barcelona), which are thought to have been made in the 18" century, in the West
and using Western materials. As the results are plotted downwards, it shows a smaller amount of lead
compared to the Christian objects of the 16% - 17% century, and in regards to the amount of zinc, there
are both materials that show more and less, This shows a slight difference between Fig.16 and Fig.17.

Looking at the devotional medals from the 19* century discovered in Japan (Fig.18), although there
is no lead isotope ratio analysis data, they are highly likely to have been manufactured in the West in the
19" century (for example, Fig.9-9 and 10 are the most popular medals called "la Medaille Miraculeuse”
in France, which have inscriptions of the year "1830"). Looking at this graph, a tendency of a small
amount of lead and large amount of zinc can be seen. This metal composition is similar to that of the
above-mentioned Asian made Christian objects from the 19 century in Fig 16, From this viewpoint, it
is considered a possibility that the medals of Catalonia show a transitional metal composition of the 16
- 17" century t019" century.

From the above, it was identified that there is a clear difference in metal composition between the
latter half of the 16™ the early 17" century and 19" century, which is a tendency that proved to be the
same in the West and Asia. Furthermore, in the 18" century, a transitional aspect, where the amount of
lead was decreasing and the amount of zinc was increasing was recognized.

So, what was the cause of such a change in metal composition? To answer this, an inspection of
brass production on a technical level becomes necessary. I would like to touch on future prospects, with
ref to the example of ions from the Heiankyo Sakyou Sanjo Yonbo Jittyo site located in
Kyoto City.

5. Conclusion

The Heiankyo Sakyou Sanjo Yonbo Jittyo site is the remains of brass casting, where nearly 20
fumaces were found". Tt was operated for about 30 years from around 1650 to around 1680, and is
considered to have been a store and manufacturing center, where from relics relating to metal processing,
such as a crucible, pouring ladle, mold and tuyeres of bellows were excavated (Fig.19-1).

Noteworthy is the result of fluorescent X-ray analysis of the slag excavated from this site. It tumed
out that the copper and zinc ratios were altered (copper 9: zinc 1, copper 8: zinc 2, copper 7: zinc 3) to
make brass. By cross-section cbservation, it is clear that the difference in ratio of copper and zinc is
demonstrated by its color (Fig.19-3). Furthermore, zinc ingots have also been discovered from this site
(Fig.194).

The results of the excavation at Heiankyo show that from 1650 to 1680 in Japan, it was possible to
manufacture brass products by changing the ratio of zinc if zinc ingots were available. Judging from the
crucible used in Heiankyo and the structure of the furnace (see Fig. 19-5), if zinc ingots could be
obtained, it is thought that brass manufacturing in Japan can date back even further. Mr. Yuichi Hara
refers o Japan's brass manufacturing through detailed material analysis of the tobacco pipe before 1683,
which was excavated from Tokyo University Hongo campus'’. According to Mr. Hara, there was a
record of a joumnal in The Hirado Dutch Trading Postthat that 639kg of zin was imported in 1636, and

B T L — B SRR A AT GO AT RIS 200 — 10 METREA.  SOHORMCTILER
TR 2004 47)
U i GRS (KA TRDRS MO « L/ SADMRE] MU L7 & 8 WX, MRS 200049
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24361.2kg was imported in 1640 from a Dutch ship. So he indicates that in the early 1600s, zinc had
been imported by the likes of Chinese and Dutch vessels, and says that there is no doubt that brass
manufacturing occurred in Japan. There is a high possibility that the remains related to brass
manufacturing in the first half of the 17 century, such as the Kurosaki castle ruins in Kitakyushu City,
will be further excavated in Japan. As for the ruins related to metal manufacturing which have already
been excavated but have not yet undergone chemical analysis, there is a possibility that they will also be
ized as a brass ing sites. It is important that close attention is paid o remains related to
brass manufacturing in the future.
Muwvmitmaimabigquesdmwhydwbmssmodlmnwdeh\ﬂwlawhalfofﬂxlé"cemmy
to the early 17" century contain less zinc and more lead than those made in the 19 century. In the latter
half of the 17® century, even in Japan, the technology to produce brass by changing the ratio of zinc
already existed, so why do the brass products made in before the 17" century contain low amounts of
zinc and large amounts of lead? I think that it comes down to problems regarding zinc-refining
technology and distribution. In Japan, zinc could not be refined domestically, so they relied on imports.
Therefore, unless easily available, suppressing the use of zinc was inevitable. Evidence for this is that
the brass products made in the latter half of the 16™ century to the early 17" century containing low zinc
contained a large amount of lead. It is said that adding lead not only reduces the use of zinc but also
reduces the amount of copper used. In other words, it can be made cheaply. And the brass Christian
objects of the latter half of the 16" century to the early 17* century, which contain low amounts of zinc
and large amounts of lead, found not only in Japan, but also in West. Furthermore, the relics excavated
from Bungo Funai using Chinese materials indicate a similar metal composition, so it can be said that
this was a worldwide phenomenon. It can be estimated that the 17" century was when zinc smelting
technology was developed and distributed to the world. It is also necessary to consider the properties of
metals with relevance to the form of brass products. For example, many brass products excavated in
Bungo Funai are rod-shaped, and many used properties of extensible brass. The properties of lead have
an aspect of lowering the melting point, so there is also the possibility that brass ingots or products were
imported, to which lead was added in order to lower the melting point. In this way, it is necessary to
consider this from various angles. From now on, if excavation of brass relics and sites of brass
manufacturing are to progress, and relics or remains that have already been excavated are to be
reanalyzed and verified, I expect that these questions concerning brass material will be answered.
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Fig.5 &+ §88* &)L Devotional Medals made of lead and tin J¥tX  actual size

1~3: A AFFFAETEE L Excavated from Chyusei Otomo Funai-machi Site
(KRR 4225 — Oita Prefectual Center for Archacological Research)

4: 5FEREN Excavated from Manzai-machi Site (SMJT Nagasaki City)

5~7: RMEHS Passed down object in Amakusa (FERO4F 128 Amakusa Rosary Muscum)

8 : MRMBHER 111 R L + Excavated from Hakata sites The 111st investigation

(FRE TR S L R ¥ — Fukuoka City Archaeology Center)

9 : MBS L Excavated from Kurosaki castle ruins (LM Kitakyusyu City)

10 : BMUBTIREFH L Excavated from Katsuyama-machi Site (S8 Nagasaki City)

11~15 : MREH S Objects passed down in Sakitsuarea () b 1) o 7 MRS Sakitsu Church)

16~18 : FFEEH# R Objects passed down in Hirsdo arca (A FFM. Private Collection)

19 : £AREIHE Objects passed down in Ikitsuki area (%, BB Titsuki

20 ; FHR#FEME Objects passed down in Sendaiji area (B AR Private Collection)
21 : WR{EHE Objects passod down in Sakitsuarea (BEZ+7XWAREME Twenty Six Martyrs Museum)
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Table 2. ®H—N Devotional Medals and Other ObjecBsovided for XRF and Lead lIsotope Analysis
P —

e = AN RN e
L T S
[ Fit Site e Promrarce Possen I L s & o
cna
a® Figet Oyomel Otoms Fee-mae Sita i Frafeetual Ounter for o TR TT
The 61 imeat gt ion aras. Arenassiogicsl Research
TEX Fpedt el Otomn Frwi-sach Site Bk Prafestual Guntar for Pl TR TR RS S )
The 637 imast gt ion aren Archaesingeat Ressarch
- SEAXRAAEED KRR AMLRREER L~
o Figtd Chyusei Dtome Farai-machi Site Dits Prafoctusl Centar for N 5 s oams
e 38 it igtion ares Archasigleal Ressarch
Rt vt B P S I oun um an amoan an
T 20 vt gt orva
Fig®d G Otse Frmi-sschi § Pl TR T VR P
The 34" “irvmat i gut ion are
Fleo4  Owosel Oteas Frai-saehl Site R TS O o
The 35 imestigtion ares
Fige]  Gymel Ot Femi-maehl Sits o mmom @1 om0
Ton 34 imest gtion aren
res vt Ty s o m un om
Archaminglea) Resarch
e T 29— e
Figb4  Crerl Dioms Fornl-mashi Site Dita Prafoctusl Casdar for W S @1 nm LA on
The 73 it e ogl o
PR gyl e raial teie e B ot me 61 1w 01 on
The 73" “inmatiget ion ares Arcweciogical Ressarch
FIgs-11  Gel ttoms Funal-asch| Sits it Prafectial Gemtar Tor e mmoan oam am
The 88™ (matigeton ares Areaeoiogical Resserch
B n oemmherin  ubdemeeh M wmoum oaommon i e
Th 53 “matiation aren Araasisgleal Rasase
#504 anann BrusoNmER e
maat PN et pured dom i Skt aree Sakitau Burch s, WEINE 1B BN L
5 nrmun aruzomARR xn
Mada Het jects purwed down in Sakite are Sakiteu Crurch = L LI =
irn Ean ] e
dedat PR oty puaned dom i st wre Sakicas O o TR MG 0 LW i
L s BuosRmEs an
o FEF ooty paaed down in Saki e aree Bakitay Cwrch o WS L AR 2 L
Ll NPREE B Yz RRER Rl
bl PR e punsed dom in Saki s arve Sakitay rarch by MW SN L -
Fdd RN By R Rl
medat TS njects purad don 1 Sekitau sese Sakitau O o NI AN W AN
i5n tana ] nm
Ll Pl @ jests passnd down in Sakiteu ares Eakitou Church e BB BE 08 4R L
Ll RENL B YRR kL
Bedat PR ety paaed dom i takitan SaKitsy Grch e WECRE LW 18 o
San i ] )
Bedal Pt gpjocts purvmd demn in Saki o arsa Sakitsy Church e WELEE I§ K L
L0 usuns BryuzmERS xm
Bl P ity passmd dom i daki s Sakitay Buneh e, MAEER: LA L
Edd MAERE B R R,
i PR ety panand dom i Sk e it Owreh v N8 B8 4w oLE &
2ne
S4n o n
L ape P o T T Y
275 un an
LIr mees . o ua oEn oam o mm on
L2 nems . XE umosm 0% L8 4N 1B on
MARSENRAS
AR un AR
v pewe Ty PO Wirasishimbars City fourd of A R TR T T
mAmmEERRY
AR | Ll
25 fws D T T OBt ot U am i L g un
A AmeEEREH i o
Mol T o puaved dow i e Sotomt aren Privets Gollactioneguesakl) Bss PO BB 1A OW om o em
A nmmEERRn A xn
Mkl U ects saneed dom I e St s riete oot ek} Bews 9808 00 an omoen
A¥R AR S aiwe @
el P i paased vom i D0 St s it ol i) B 2T A 01 am o omoon
#on A e An =
it P it panted don in the Sotems arma  privens Gollestimnganeakl)  Bremn W ILTE - L]
] nuuzzEan aim xm
faticiary-iid P18 1F Ghjucts passed dom in the Sotoms v primis CollmstimOpek) B T BR 20 am o os amoon
BARA-S FRAE SN LR 3 Ll
setlomrboy FE1F s ot o 10 the St e Brivate Gl ltnlupunnki) B SRS LU 2MBW o B2

33




M

FHRO-BEEFLHERSHPFRRDAER (HRREH: 2BV Lsy EBH%RB BEES:
16H03514 THET IREMFY o oXfk)) kot

Ff. FRIBWZITOVTIX, Av P LM E—FRCEMELTVEENE,

ToIT, FMERTIEHEY, LTORALE - MECEHA L8R - CHE - RERREBY=LE.

DEYBHELEFET,

Acknowledgements

A part of this research was supported by JSPS KAKENH]I, Grant Number 16H03514.

I had my English thesis corrected by Miss Sarah Backley.

In making this thesis I was given valuable advice and ials by the ing teachers and
individuals. I would like to express my deepest appreciation towards them.

RBVLH PEET SHERE LHAE XE-A NLER KRAM: IHHES EEET

EpEE RESE WHEEE TREEX THELR WNIESE LEA- ZERNX  WTXE

EEN HOER EBETF Greer Ramsey Renzo De Luca Sarah Backley
(BE+E - FALI7Ay MR #HE)



FETANT > FRIZEA AL VEBRO Vo —FFhb@bhi
¥ Y X M A SN ORFER K

WD BT, B ONE, mE s
R R—, BRI OB, PR AKX

1. LB

ARL A XY ADT 7 DURTASA ABHEO P —FBRET A N7 FHT 1688 B LT,
ZOLRBOBRBIRRICEVTIE BT BN, AT ANFL FO~NT 7 X MCHBHT LAY —RBITIZHD
bhTs, ¥Ya—FHFORMOPICEX Y R FEEATICHT TRNEZEHIASAEHD . Ehb AT
RESRPREOLOEDS. SETOHFRT 16 ok, FREOBFEHAFERLL, HE~SEHL, ¥HED
BLOMRSEREALEL SRS L IR BB TV S, SOMBHEKICHEST A U A KB~HEH LAY
BN P HACAAL F ) A P EEREL TV, ZOMHBSEVIETLPECHATH, k. ORo*
UAPEAFABELR TSI EtbioTVE, £5T5L, METELNAR Y X MR FAREE~L
EHENEAEELHTL 3, Yo—FHRASS VERORTHILD, ¥V R MEA X AOHEN RN
HTHD I LAHrD b, ZoNRESTSNEZROEENRERO—2 L2455, Thillc, Yo—
FHETEDATVES YA MIA S AOHBEREME~<5Z L IREOLSHETH S,

2.0 E

TR -t~ &, ®) 2 MEAYAOEFRREREL, 12 B8 (RXWAE. HWIMW, AL
B4, SEHEEZE HLLROFEFRRLE. Z0% VILE Eh s M TRSMETRE0IC SR
L. BMERUERTH CRAMEEEIE L, ZofEFA V=T BORE» SH—FERD 1 6, ¥
VZoFWEK1MENELE, B @R KEE 207Pb/206Pb-208Ph/206Pb @, ¥ X U
207Pb/204Pb-206Pb /204Pb & LTET L, Yuo—FB0X Y A A S A-ORAK KT 12 ls3E K
BERRZLT, HROMEC»»DOTRAMELIZBEVCCEEEN LD = L Bbdhot, $AY=TROR
BRLAFY AMBEF ) R FEA TN LR RZ - EER L, BHEOESBL LT, BAPPEORE RS
B2y, $EEMTOTORELRZ-THE, BRORBENLLEY A MEAFARHELTRY, Ry
YLORELREENDS, Thi bBEELAEERE o,

3.8 R

Pa—FFOx) X FEA FAIHREENH TRV BIESEV I Ebhol, FIT, SOOI
ELT, ARS 2, st utOh F—=y MHEAFTRT S 1618 HRO* Y A MEA S L L HERLE, £
DER, PO—FFOAINLHF A= PO A S AL e DB Licflid R85, RBEEND e Ol
VHBHLREOT, BRIZH 550 L, —BixL Ty,

EIT, A ¥YRADHEDE LB LTRD L, XY AORMKOHAG KT 400 ABLREATVEO
T, HBHRE LTIRD EFRd0. 158, Yu—tB0A S iias ¥ 2ORKEDES D ORIt
ENBT EMbhok, ZOIERD, Yu—FB0%) R VA SRS F Y AOREELFE LTS T
HRREND, TOZLRYa—F— (@?AX44) PHE @TERESS) 2YOSRHES X)) TS
h, AFVTRASRA LRl Da—a A ALENRY, BRIEL->TOETEEERETS, EEL, 3—pyst
OROE % DREELEBELTW2VDT, Pa—F80% )2 NEA XAOHBERE ) ATHS LS
HIERAV, 4 # Y ARTEEO—2THS,

35
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Abstract
Lead isotopic ratios of Christian medals of Spanish vessel Girona that sunk off
Northemn Ireland in 1588, were measured and the provenance of the materials to
cast the medals were examined. There was a possibility that the medals were
produced in Eastern world, but it was found that they were not produced in Eastern
world but Western world.

1588 EIZHL T A LT & FHCILR LI ARS LD 0—FSORMLEI £ EIf Shts,
FORPOPIZHY R MEOAFANEER T, COAFL ISIEREEOHEATIR
ShTLDAREEN B ofz. MEGELMEORR. HHIIETH LY. BRET
HITRAES B Ebr oz,

1 Introduction

The Spanish ship “Girona” sunk off the coast of Northern Ireland in 1588, was recently surveyed
and the relicl A ts of the ship were pulled up. The excavated objects are in the Ulster Museum in
Belfast, Northern Ireland. There are several Christian medals in the ship, relics assumed to be of
Spanish origin. For the present report, lead isotope ratios of those Christian medals were measured
and we discuss the significance. Christian medals, typically worn around the neck, are taken to
have strong religious significance, and are looked upon as having a strong role in strengthening the
Christian faith and belief of the wearer. Christian medals collected from this Spanish vessel are
assumed to have been manufactured earlier than the date of the sinking of the ship, 1588 c.e. Itis
not known with certainty whether they are of Spanish manufacture.

European commercial presence and objects of European manufacture appear prominently in the
Eastern world shortly after 1500. New techniques were transported to the Eastern world and new
objects for European people were transported to the West. In addition to commercial expansion,
propagation of the Christian religion to the Eastern world was a goal of the voyages.

Christian medals were considered to be useful for the propagation of the religion, and
missionaries distributed those brought from Europe. 'When missionaries arrived in southemn part of
China in the beginning of 16th century, they did not at first have a supply of Christian medals of
European manufacture and they began to produce them there locally, stylistically imitating those of
European manufacture. Those Christian medals produced in Southemn China of bronze and brass
were also distributed in Japan afler 1543 As demand increased among new Christian converts,
medals supplied from Southern China were insufficient to meet demand, and medal minting began
in Japan. High temperature fi and techniques of high temp are y
for the minting of medals with bronze or brass. Such equipment and techniques would have been
beyond the reach of missionaries wishing to mint Christian medals with bronze or brass, and instead,
in Japan during this period, they reproduced medals using lead and pewter, which has a lower

36



melting point. Several research works have shown that all bronze or brass Christian medals in the
Eastern world from this period have the same lead isotope ratios as those from Southern China, and
in the case of lead medals the isotopic values are the same as those of ore leads from Thailand or
Japan™,

Christian medals in Europe of the 17th century are mainly made of brass.  Little is known about
the extent to which lead or pewter was used to make such objects before the 16th century.

The purpose of this present report is to determine whether the Girona medals were produced in
Europe or are objects that were manufactured in and transported from other parts of the Eastern
world, by means of information about the isotope ratios of the lead contained in the objects. We
also wish to provide information about the possibility that Christian medals from the Girona could
indicate that there was extensive transport of materials from the Eastern world to the Westem world
during the Age of Discovery.

2 Samples

As Christian medals of the Girona were collected in the Ulster Museum, authors of the present
study visited and selected samples for lead isotope analysis under the supervision of the curator of
the Chemical compositions of 15 selected samples were d in the museum using a
portable X-ray fluorescence machine™. Small amounts of corrosion products were collected from
12 medals for the purpose of lead isotope analyses in the laboratory in Japan. We discuss
elsewhere the criteria for selection of samples and the chemical compositions of the materials
collected. The samples are classified in 4 types, according to chemical composition. We discuss the
differences of lead isotope ratios for the different sample types. Samples are summarized in Table 1,
according to chemical composition. In addition to Christian medals the lead isotope compositions
of two additional samples were measured.  The first of these was an old English silver coin and the
second is a copper remnant from Sardinia, Italy.

Table 1. Christian Medals and Other Objects Provided for Lead Isotope Analysis

Object ‘Sample Number and Explanation
Tin BGR.239, BGR 468, BGR620, BELUM B 2016.2
Lead BGR 467, BELUM B 2016.1
Tin-Lead(Pewler) BGR.140, NGR 240, BGR 465, BELUM B 2016.3
Copper-Zinc{Brass) BGR 469, BGRA70
Siber Coin Produced in England in 17t century
‘Sardinia copper ‘Copper remnant found in Nuraghe remains in Sardinia, Haly
object ‘about 1,000 years b.c.e.

3  Experimental

Lead isotope ratios of Christian medals were d and the pi is evaluated as
follows,

A surface ionization mass spectrometer was used for lead isotope ratio measurement of the
samples. The provenance of the samples is evaluated by comparing the lead isotope ratios in
samples with those of various candidate ores, in the context of the geological history of the
respective regions of the ores™
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3.1) Principle of lead isotope method

There are 4 stable isotopes (***Pb, **Pb,*”Pb and **Pb) of lead, which differ in their weights.
Among these isotopes, Pb, "Pb, and *®Pb are produced naturally from uranium and thorium,
When lead is associated with uranium and thorium in a mineral, lead-206 (**Pb) is produced from
uranium-238 (**U), lead-207 (Pb) is from uranium-235 (*°U), and lead-208(Pb) from
thorfum-232(***Th), by natural radioactive decay, and the new lead produced in that way is added to
lead that was previously present.

‘When the earth was formed lead was present along with the other elements, but new lead
isotopes have been continuously supplied through decay of uranium and thorium, as mentioned, and
lead isotopic ratios changed gradually, with different speed according to the different decay rates of
uranium and thorium. During geologic time by means of crustal movement, volcanic activity, or
other processes, and lead may be extracted from its original rock environment and sequestered, as
lead ore is formed. During such processes, lead is separated from uranium and thorium and lead
isotope ratios do not change further.

The lead isotopic ratio of each geological area is essentially different according to the difference
of uranium and thorium concentrations in rocks, and the different times of occurrence of ore-forming
processes.  The different lead isotope ratios of each relevant area in the East Asian area is shown in
Fig.1 (A type Figure) and Fig.2 (B type Figure). Those provenance areas in the figures are shown
in Fig. 3 as Japan, Korean Peninsula, and northern and southern China.

220 China North 100 L
L
/ China South ‘," -
o215 China South 158 mn.nu L d o
g. g area /' +#*Koresn Pen
L g China North
£ o 158 area
g £ / -
]
082 084 036 os8 050 110 190 200
207,205 *hoepp/23h

Fig.1 General idea for provenance study Fig.2 General idea for provenance study

mEastAmn(Atype Fig.) in East Asia (B type Fig.)

‘When the lead isotopic ratio of an unknown sample is
measured and the values are plotted in the two figures, the
points will indicate the provenance of the materials. When
the sample is plotted in an area in Fig. 1, that area is a
candidate for the provenance of the sample. Subsequently,
when the sample is also plotted in Fig. 2, and in the same
named area as in Fig. 1, the probability that the sample
contains lead of that area is high.  If not, the provenance of
the sample is unknown and needs careful examination, and
Fg,!apnfE Axlaamand itis 'y to bear in mind exceptional cases occur.
sources of lead
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Several different methods are available and in common use for the explanation and interpretation
of information on lead isotope ratios, but Fig.1(*"’Pb”*Pb-**Pb/*Pb) and Fig.2(**Pb’*Pb-""Pb/
pb) use styles that are commonly used in provenance studies in the field of conservation science.
The present report uses this method, which, in studies of provenance of cultural objects, may be
called the lead isotope method™

3.2) Principle of the lead isotope method

Traces, or larger amounts of lead are commonly present not only in copper but also in other
metals of cultural objects. This is a consequence of the nature of the historical metal smelting
method that is used for purification of copper and the other metals. In some cases, lead and/or tin is
added in significant amounts to change the nature of the metals (to lower the casting temperature and
to increase hardness).

As lead can be obtained worldwide and is frequently associated with copper ore, lead isotopic
ratios in copper ore commonly have isotopic ratios similar to those of the lead ores near the copper
ore. Lead obtained from near a body of copper ore is commonly that which is added to the copper
during processing, for the purpose of changing the nature of the metal product,  For this reason lead
isotope ratios of copper metals in cultural objects are commonly similar to those of the lead ores in
spatial proximity to the respective copper ores. Each lead ore has a different lead isotope ratio,
according to the timing and nature of the different ore forming geological processes involved, and
the chemical composition of the rock body. Therefore lead isotope ratios in copper show
independent value for each district. 'When the distribution of lead isotopic ratios of lead ore is
known, the provenance of the copper may be attributed to a certain area. Even if lead ore values for
each area are not known, cultural objects of those areas may show certain lead isotopic values that
allow, characterization of those areas for particular times.

Therefore, the lead isotope method is one method to estimate provenance of historical objects
made of copper and other metals.

3.3) Lead isotope ratio measurement

We apply the lead isotope method to estimate the provenance of the Girona samples. It is
necessary to eliminate impurities, because if even a small amount of impurities such as tin and iron
are included, they interfere with the intensity of the beam signal isotope when measuring the ratios
of lead isotopes by means of mass spectrometry, 'We purified lead and separated it from impurities
by the electro-deposition method.

A lead sample is placed in a small quartz beaker and dissolved with one or two drops of nitric
acid. After an hour, the solution is diluted with 10ml of water and lead is electro-deposited on to
the platinum plate with 2V DC for one day. As lead is accumulated on the platinum ancde, the
platinum electrode is taken out and placed into a new bottle, and lead is dissolved with nitric acid
and hydrogen peroxide. Lead concentration is measured by the ICP method and 0.2 micro gram of
lead is taken out. Phosphoric acid and silica gel are added to the separated lead sample and the
mixture is placed on a rhenium filament. The dried filament, holding the dried sample residue, is
placed inside a Finnigan MAT262 mass spectrometer. Lead isotope ratios are measured at 1200
degrees C. filament temperature. The measured lead values are standardized with the
NBS-SRM-981 lead that is measured with the same machine conditions.
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4 Results and discussion

The measured lead isotope ratios are listed in Table 2 and plotted in Figs. 4 and 5 in the same
manner 4s in with Fig.1 and Fig2. Girona objects are plotted in the field of East Asian objects to
find out if there is any relationship to them. Lead isotope composition data is poorly known for the
European mine sources dominant at the probable time of manufacture of the Girona objects,
therefore it is not possible to reliably include those data points in the plots. Fig.6 and Fig. 7 are
enlarged figures intended to give a more precise view of the distribution of the data points in Figs 4
and 5.

Samples are not of identical chemical composition (they are made of tin, lead, pewter, and brass),
but the positions of points in Figs.6 and 7, representing all samples, are essentially
which suggests that the materials are related to each other. Judging from Fig.6 and Fig.7, even the
samples made of tin do not depart from the line in Fig.7.

Table2 Lead Isotope Ratios of Christian Medals of Spanish Ship Wreck in the
Possession of Ulster Museum of Belfast, North Ireland

PBIR No. Sample No. P/ b P/ ™Ph b/ PP Y Pty Pty

M. 1 NSTEC45 BGR. 467 18. 364 15, 622 38.376 0.8507 2.0897
No. 2 NSTEC4E BELUN B 2016.1 18. 404 16.631 38. 408 0.8483 2.0868
No. 3 NS1EC47 BGR. 140 18.425 165.630 38.429 0.8483 2.0857
No. 4 NSIECE3 BGR 239 18. 386 15.618 38,369 0.8494 20868
M. § NSIEC48 BGR. 240 1841 15.630 38 442 0.8462 20812
Mo. 6 NS1EC49 BGR. 465 18.425 15.624 38414 0.8479 20848
No. 7 NS1EC56 BGR. 468 18. 508 15.511 38.287 0.8414 2 0680
No. 8 NSTECST BGR. 469 18.243 16.615 33.230 0.8559 2 0960
No. 9 RS1ECSE BGR 470 18,376 15.630 38.388 0.8505 2 0880
Ho. 10 NS1ECSE BGR. 620 18.568 15.632 38.456 0.8419 2om
Ho. 11 NS1ECE0 BELLM B 2016.2 18.437 15.616 38,376 0.8470 2.0815
Mo, 12 NSTECET BELIM B 2016.3 18.435 15.626 38,428 0.8476 2.0845
o, 13 NSIECE8 Silver coin 18.581 15,635 38.625 0.8414 2.0788
o 14 NS1EC69 Sardinia lead min. 18.126 15. 569 7690 0.8590 2.0784

Error range(o) +0.010 +0.010 +0.030 =0. 0003 +0.0006

No. 4has error range afl). 03for 6/4 and/d,end =0, 06for /4,

No.Thas error range af0. 10for §4 and 7/4.and +0.20 fo/4. end==0. 0005for7/6 and =0, 0010 for B/6.
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The brass samples are also on the same line as those made of lead and pewter. The brass
sample is displaced in the direction of the sources from Thailand in Fig. 6, as if all of the lead
samples on the line L are mixed with Thailand lead. However, in Fig. 7 the brass sample is exactly
in the direction of Thailand sources, but rather toward the direction of the lower left comer of the
south China area, suggesting that in the case of the brass sample the L line lead is not mixed with
Thailand lead. If brass lead is a mixture of line L lead and Thailand lead, the brass lead should
depart from Line L more strongly toward Thailand lead. As a result, we can conclude that brass
lead is not related to Thailand lead.

In summary, Christian medals of the ship Girona appear not to be related to East Asian materials.

The old English silver coin plots away from line L in Fig. 6, in contrast to its placement on the
line in Fig.7. This suggests that the silver mine that was its source is not directly related to the mine
that was the source of materials of the Christian medals.

The Sardinian copper object is from a different ore system than the Christian medal materials, as
indicated by the plotted points on Fig.6 and Fig.7. Sardinian copper is not related to the Girona
Christian medals.

Our conclusion is that the materials of the Christian medals of Girona are probably not from
Japan, South China, nor Thailand. The plotted data points in Fig.6 and Fig.7 suggest that no Asian
materials were used in the manufacture of the Girona objects.
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Considering that they may in some ways be comparable to the Girona objects, lead isotope ratios
of brass Christian medals in the Catalonian M Spain, were r d and are plotted in Fig.8
and Fig 9.

Judging from their styles and from figures on their surfaces the Catalonian samples are estimated
to be products of the 16th to 18th centuries. ~Although this possible time span of manufacture is
long (i.e., three centuries), the lead isotope ratios of the medals are similar. The distribution pattern
of Catalonian samples in Fig. 8 and Fig.9 is similar to the patterns of Fig.6 and Fig.7, even though
they do not coincide perfectly. The Catalonian samples plot slightly above the Girona samples.

Some Christian Medals were excavated from the ruins of Hara castle in Nagasaki, Japan. Hara
castle was prominent in the battle of 1637 between government and rebel forces, and it is believed
that many Christians fought on the rebel side. The rebel army was defeated and all the materials
including their religious objects were buried under the ground after the war. Recently, excavation
at the old site was begun and gradually the buried objects are now becoming available for study, and
appear to be valuable as historical dc ion. Several Christian medals and crosses of brass
and lead are included among these old objects. Lead isotope ratios of those Christian objects, are
measured earlier, are plotted in Fig. 10 and Fig.11.
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Fig.10 Christian medals from the Hara ruin Fig,11 Christian medals from the Hara ruin
compared with samples from the Girona compared with samples from the Girona
and from Catalonia Museum (A type Fig.) and from Catalonia Museum (B type Fig.)

The figures suggest that the Hara castle samples are not directly related to the Girona samples,
but some are identical to objects from Southern China, and some are similar to Catalonian samples.
From this, some of the Hara castle samples may be considered to be part of a group that includes the
Catalonian samples. If so, the distribution in the figures of points for the Hara objects suggest that
some of the Hara objects were of European provenance. Even so Hara objects are not related
Girona objects directly.

Even if Girona Christian medals are products of European countries, it is not well known which
European countries were the dominant producers of brass and/or tin during that time.  As one of the
possibilities, English lead mines are considered in Fig.12 and Fig.13 *7). 'The industrial activity in
England has been high since those times, and the brass making process came from India to England
in early times.

In Figs. 12 and 13 the Girona objects plot in the central part of the distribution areas of lead from
mines in England, Lead from England may be one possible source of the Girona Christian medal
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material. But lead isotope ratios for other source areas in Europe in those days are not well known,
therefore it is unclear whether English mine lead is the specific source, but the possibility should not
be dismissed. 'We conclude that source materials of Girona Christian objects do not originate from
the Eastern world, but from the Westem world. The exact provenance is not yet clear. England is
one possible source.
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Fig. 12 Girona samples compared with lead Fig. 13 Girona samples compared with lead
from mines in England (A type Fig.) from mines in England (B type Fig.)

Research work on “faith objects™ such as Christian medals and crosses produced after the 16th
century in the Eastern world is at present only in its early stages, and it is to be hoped that facts about
the expansion of Christianity in the Eastern world will be clarified by means of the use of the
scientific method, as well as by the uses of the traditional tools and methods of art history,
iconography and archaeology.
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