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Outline and Objectives

In the context of European expansion, the Dutch cultivated their interest in Asian
metals as major intermediate traders in the South East Asian seas. Among others,
Japanese silver and copper were the most lucrative commodities for them.' An
economic historian, Kawakatsu Heita, recently shed new light on the issue that
Japanese metal production and subsequent monetization facilitated a take-off in the
Japanese economy comparable to the emergence of modem capitalism in Europe?
Kawakatsu cites Hayami Akira's argument that an "Industrious Revolution"
occurred in the Edo period, which was comparable to the "Industrial Revolution" in
Europe. Kawakatsu further specifies this with reference to Schumpeter's theoretical
framework that the control over monetary circulation was the key factor in the
outgrowth from the so-called "Asiatic mode of production". In his argument on
negative aspects of governmental trade restrictions, the idea of the so-called Sakoku

'

2

H . Glamann TheDutch Asiatic Trade1620-1740(1958).
H. Furber Rival Empiresof Tradein the Orient 1600-1800(1976).
Also see J. Obata Nihon K6zanshino Kenkyiland N. Imai, presentation given at January 26,1991, on
the occasion of Sumitomo Dofukijo Kenkyukai.
So far, a concealed reference to the negotiation of price of copper by I. Titsingh has been found in
the following works:
F. Luquin ThePrivate Correspondenceof Issac Titsingh,1, 1785-1811(1990).
F. Kurihara 'A Japanese Translation of a "Secret Diary" written by Issac Titsingh', in Keizaito Shakai
19 (1991) 1-28.
Idem, 'Issac Titsingh's Nagasaki Shokan no Himitsu Nikki 1782-1783', in Tokyo Joshi Daigaku
ShakaigakukaiKiy620 (1992)1-40.
H . Kawakatsu 'Nihon no Kogyoka wo meguru Gaiatsu to Ajiakan Kyoso', in Ajia K6ekikentoNihon
K6gyoka(1991)157-193.
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policy as a confinement was discarded. Instead, a positive function of Sakoku was
emphasized: restrictions necessitated the substitution of imported commodities. This
functioned as an incentive for the growth of endogenous industries, and is considered
to have caused the "Industrious Revolution" in Japan .3 Kawakatsu rejects the
conventional picture of backward industrial development within a "closed" country
and the sudden rise of Japan into a modern national economy. On the contrary,
having managed a protective trading policy, a seemingly closed Japan had
commanded its own economy, not only in its domestic market, but also in the interAsian market.
It is true that the Japanese economic structure presented by Kawakatsu
illustrates some historical characteristics of the period. This structure was certainly a
factor behind a seemingly sudden surge in Japan's modern industries. Importantly,
however, Western science and technology gradually infiltrated into Japan via Dutch
activities at the time. The introduction of scientific and technological knowledge
could be rightly regarded as being responsible for the transition of the Japanese socioeconomic structure and as playing a crucial role in building up such industries. In
order to illustrate a comprehensive history of the economic and techno-scientific
complex, this paper tries to provide a further account of the technical aspect of metal
production.
The issue will be deal with from the perspective of the transfer of science and
technology between Europe and Asia. In this regard, I will first review the Dutch
colonial scientific activities in the Dutch East Indies, as Dutch scientific activities in
Japan were conducted within an extensive framework of Dutch colonial management.
Therefore, Japanese metal production will be analyzed in the context of colonial
scientific history.
In a broad context, the relationship between knowledge and power is my
concern. This can be paraphrased as the relationship between science and politics.
Technology
will be extracted from science, and economics from politics.
Industrialization
is the intermediate step. Metal is the material.
The scene is
eighteenth and nineteenth century Asia, with a backdrop of pre-imperial colonialism
and "enlightened"
scientific idealism. The "guest" roles are played by Dutch
scientists and "host" roles by Japanese scholars. The opening scene is set in the Dutch
East Indies, with the so-called "colonial scientists" opening the curtain.

3 For a changing conception of Sakoku,see Arano Yasunori KinseiNihon to HigashiAsia (1988),R.
Toby State and Diplomacyin Early ModernJapan,Asia in theDevelopmentof TokugawaBakufu(1983).
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2. Temporal Framework from the 1780's: Western Studies in Japan and
Dutch Colonial Sciences
Bearing the general temporal framework of our conference in mind, it is worth
noting the establishment of the oldest scholarly society in Asia, Het Bataviaasch
Genootschap van Kunsten en Wetenschappen (The Batavian Society of Art and
Sciences) in 1778 in Batavia 4 At the same time, the rising interest in Western studies
in Japan in the 1770's, which is marked by the monumental publication of Kaitai
Shinsho (New Book of Anatomy) in 1774, can be viewed as a related historical event.5
In my view, a certain intrinsic connection can be discerned in these two seemingly
different events. What the Netherlands and Japan had in common in the late
eighteenth century was an increasing awareness of the importance of "scientific"
inquiry. In other words, they advocated systematic, practical and useful knowledge.
On the Japanese side, a pursuit of practical knowledge in medicine reinforced sound
empiricism.6 In disciplines other than medicine, the interest of scholars in Western
studies spread, resulting in an overall introduction of Western sciences in the
nineteenth century. The political, economic and even philosophical demand for a
more organized search of nature was advocated not only by intellectuals, but also by
political authorities from the second half of the eighteenth century. Although the
concept of "science" had not yet been identified, systematic inquiry into nature had
for the first time been initiated and attempts had been made to organize the findings
as objective, empirical and practical knowledge.
On the Dutch side, the founders of the Batavian Society aimed at systematic
exploitation of natural and human resources in their colonies with the "most proper
use of scientific knowledge".7 Together with the establishment of local scholarly
societies in the context of an enlightenmentalist
movement for popularization of
science in Holland in the middle of the eighteenth century, the Dutch scientific
interests in the East Indies were re-organized from sporadic and exotic descriptions to

4
5
6

7

T . H. der Kinderen Het Bataviaasch Genootschapvan Kunsten en Wetenschappengodurendede eerste
eeuwvan zijn bestaan1778-1878(1878).
For Sugita's Kaitai Shinsho, see T. Sugimoto Kaitai ShinshonoJidai (1987).
Minamoto Ryoen TokugawaGdrishis6no KenkyQ(1972).
Idem,KinseiShokiJitsugakushis6no KenkyQ(1980).
Sugimoto Isao KinseiJitsugakushino Kenkyfl(1962).
Idem,KinseiNihon no Gakujutsu(1982).
M. J. Sirks Indisch Natuuronderzoek(1915).
R. W. van Bemmelen 'Geschiedenis van het geologisch onderzoek in Indonesie', in Een Eeuw
Natuurwetenschapin Indonesie1850-1950(1950) 41-48.
H. A. Brouwer 'Geology of the Netherlands East Indies', in Sciencein the Netherlands East Indies
(1929)101-125.
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more systematic investigations.8 There, the usefulness of "scientific" knowledge in
natural exploitation was clearly recognized. The organization
of "scientific"
investigation was thought to be manipulative by the political leadership. Most
importantly, such a proposition was an extension of a scientific motive based on
humanitarian enlightenment of the eighteenth century. "Scientific and proper
exploitation" was innocently advocated for humanitarian reasons.9 In addition,
another stimulus stemmed from the economic motive. For instance, in 1771, Van den
Heuvel argued that politically-guided economic promotion should include a colonial
perspective.10 His argument drew attention from the authorities and he was
subsequently appointed director of the East Indies' economic affairs. Furthermore, the
Oeconomische Tak van de Hollandsche Maatschappij (Economics Department of the
Holland Society) was established in 1777, which also covered economic affairs of the
Dutch East Indies. The Governor-General, Radermacher, who was one of the active
founding members of the Batavian Society, actually cooperated closely with Van den
Heuvel. Thus, we see the combination of three factors behind the establishment of the
Batavian Society: a scientific motive based on humanitarian enlightenment, economic
interest and governmental support for the promotion of colonial sciences. 11
In order to comprehend the history of colonial sciences, the framework
proposed by Basalla is of some use 12 Basalla discussed "three-stage development",
in which he proposed three overlapping phases as follows: (1) an extension of
geographical exploration, characterized by the survey of new territories in order to
study their physical features including their flora and fauna; (2) a stage of colonial
science, characterized by the emergence of certain scientific activities with a reliance
on metropolitan science and its institutions; (3) "independent scientific tradition", the
final phase which would evolve when there was freedom from metropolitan science,
both in research and in training of scientists. In the period before 1816, the Dutch
colonial studies in natural science can be characterized by Basalla's first stage.
Geological investigation was not mature enough to go beyond natural history and
geographical

descriptions.

The contents of the Verhandelingen van het Bataviaasch

8

H . A. M. Snelders 'Het Bataviaasch Genootschap van Kunsten en Wetenschappen in de periode
1778tot 1816', in DocumentatiebladWerkgroep18eEeuw 41-42(1979)62-90.
T. Yoshida 'Oranda niokeru Kagaku no Taishuka to Rangaku', in Higashi Ajia no Kagaku(1982) 50108.
9 L. Pyenson Empireof Reason:Exactsciencesin Indonesia1840-1940(1989).
10 Van den Heuvel's argument took place at an occasion of prize-winning at the "Hollandsche
Maatschappij van Wetenschappen' (Holland Society of Sciences). See H. A. M. Snelders 'Het
Bataviaasch Gnootschap van Kunsten en Wetenschappen in de Period 1778 tot 1816', in
DocumentatiebladWerkgroep18eEeuw 41-42(1979)62-90.
11 L. Pyenson'Pure learning and political economy: science and European expansion in the age of
imperialism', in New Trendsin theHistory of Science(1989)209-278.
12 G. Bassala 'The Spread of Western Science', in ScienceCLVI (1967)277-5.
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Table 1: Numbers of articles in Transactionsof
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0
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14
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1
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4

0

3

1

0

0
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5

4

5

0

5

4

2
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2

7

2

2

0

0

1

3

-----------------------------

Geological and mineralogical fields were of their concern only as a part of
descriptive science. In this sense, research in this period can also be characterized as
being of a supplementary nature: colonial research substitutes for research. that
cannot be carried out in Europe and which made use of its natural and geographical
specialities.14
Some geological features of Japan were also described from the
viewpoint of natural history in this period. One of the earliest descriptions was
reported in Thunberg's work.15 In the framework of scientific research in the East
Indies, the first description of Japanese geology and mineralogy can be found in as
early as 1776, when Baron von Wurmb listed inventories of Japanese minerals and
stones 16
After this period, the importance of agriculture was gradually recognized as an
economic motor, so the focus of scientific interest came to concentrate on botanical
resources. Scientific interests and political-economic demand went through a phase

13 Snelders 'Het Bataviaasch Genootschap van Kunsten en Wetenschappen in de Period 1778 tot
1816', in DocumentatiebladWerkgroep18eEeuw 41-42(1979)82-90.
14 Van Berkel In het voetspoorvan Stevin(1985)208-213.
15 C . P. Thunberg Voyagesde C. P. Thunbergau Japon (1796)439-445.
16 F. Baron von Wurmb was secretary of the Batavian Society; a list of Japanese minerals and stones
reportedly collected by him is published in the Transactionsof the Society4 (1786)566-568. See also
J. MacLean'Natural Science in Japan, I: Before 1830',in Annals of Science30 (1973)261.
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of agrarian management. Stamford Raffles represents this combination for his
scientific research was based on an interest in the promotion of agriculture 17 He
broke through a stagnation of scientific research as well: he revived the activities of
the Batavian Society. By all means, Raffles was an epoch-maker of Bassala's second
phase. He was the personification of scientific research coupled with mercantalistic
objectives: scientific studies were closely associated with the promotion of useful
crops and the production of commodity goods.
After Raffles, the colonial objective changed structurally from primary agrarian
management to raw material supply. In regard to agriculture, more attention was
focused on commodity crops. Mineral resources were also given more attention, not
only for monetary reasons, but also for industrial reasons. Research methodology on
geology certainly began to shift from the natural historical method, the Neptunian
method, to the physico-chemical method.
Even after Raffles, however, little research in mining took place, mainly
because it was peripheral to national income and because new exploration of mines
was still not cost-effective. After restoration of Dutch control over the East Indies,
strategy slightly changed. After the French occupation period, the Netherlands
needed extensive structural re-organization. According to Kossmann, it was at this
time that the Netherlands
tried to rescue themselves economically through
investment in overseas territories, as the European market had already been
saturated.18
In scientific programs, the leading character of this period was
Reinwardt, who proposed the establishment of the botanical garden in Buitenzorg
(Bogor). This garden was eventually opened in 1817.19 He became its first director
and organized systematic research.
Shortly after the garden opened, the
Natuurkundige Commissie voor Nederlands-Indie (Natural Scientific Committee for
the Dutch East Indies) was established in 1820. This was in charge of organization
and policy-making for the sciences in the colony.20 Geological studies in this period
were implemented by foreign scientists employed in the Dutch East Indies, such as
Horsfield and Junghuhn.21 The pan-European character of the Dutch colonial empire
is worth noting. As a small country, the Netherlands made use of European scientists
from various backgrounds. For example, Kaempfer was a German; Thunberg, a
Swede; Horsfield, an American; Junghuhn, a German; and von Siebold, a German.

17 S. Shinobu RufflesDen (1968)174-177,271-274and 420-422.
18 J . J. Kossmann De Lagelanden1600-1980(1980).
19 For the botanical garden in Bogor
, see M. Treub Geschiedenisvan 's Lands Plantentuin to Buitenzorg,
van 1817 tot 1844 Mededelingen van's Lands Plantentuin VI (Batavia 1889).
20 For the establishment of the Natuurkundige Commissie, see H. J. Veth Oversichtvan hetgeen, in het
bijzonderdoorNederland,gedaan is voor de kennis der Fauna van NederlandscheIndie (1879).
21 For Junghuhn , see C. W. Wormser Frans Junghuhn (1940).
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Nakaoka 'Kagaku to Gijutsu no Ittaika to Seidoka', in Gijutsu Shishno Hensen (1981)133-164.
For Freiberg and Wernerian Neptunian geology, see C. C. Gillispie The Edgeof Objectivity (1960);
Idem, Genesis and Geology(1951); R. Hooykaas Natural law and divine miracle (1963). See also, W.
Sarjeant Geologistand the Historyof Geology(1980).
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"mountains"

as a whole . They were also in a position of making Agricola's
achievement available, and they actually did so. Neptunian geology faced its rival
Vulcanist school in the first half of the nineteenth century, and was also challenged by
the Hattonian controversy. Notwithstanding these theoretical challenges, Neptunian
influence reached further than European metropolitan scientific discourse assumed.
In particular, a descriptive survey on the framework of colonial science was carried
out predominantly in a Neptunian manner.
In this period, the discrepancy between mineralogy and geology is discerned.
The development of mineralogy in the middle of the eighteenth century was
supported by two interrelated areas of crystallography in France and chemical
mineralogy in Sweden. In France, a closer look at exterior features inspired
mathematical measurement of individual crystals. Rome d'Lyle and Hauy believed
that precise and exact description would allow for better classification.24 Therefore,
they established systematic crystallography of minerals. In contrast to this purely
mathematical description, the more down-to-earth requirement of acknowledging
component elements of minerals incurred the development of mineralogy which was
subdued in mining practice in Sweden. Swedish chemical mineralogists, such as
Cronstedt and Bergman, synthesized assay techniques into a systematic inquiry of
minerals. Compilation of practical chemical techniques for mineral assay led to a
breakthrough in surveying.25 Since it was the metal element in minerals that was
needed, chemical mineralogy meant more to later mining practice than did sheer
mathematical and exact crystallography. The combination of Neptunian geology and
chemical mineralogy was the major scientific contribution to eighteenth and
nineteenth century mining and metal production.
In its initial phase, the infiltration of geological science into Japan was
characterized by the introduction of Neptunian geology rather than crystallographical
mineralogy or chemical mineralogy. Neptunian geology was also associated with
military surveying of strategic geography. This can be seen in some works by A. von
Humbold. According to Cannon's argument, the influence of Von Humbold was so
significant that the methodology used by the following generation of explorers was
characterized as the "Humboldian method".26 One of the essential factors of this
"Humboldian method" was geographical and geological observation of Neptunism
,

24 R. Hooykaas Geschiedenisder natuunoetenscahppen(1976).
25 T . M. Porter 'The promotion of mining and the advancement of science: the chemical revolution of
mining', in Annals of Science38 (1981)543-570.
D. R. Oldroyd 'Mineralogy and the "Chemical Revolution"', in Centaurus 19 (1975)54-71.
J. W Llana 'A contribution of natural history to the chemical revolution in France', in Ambix 32-2
(1985)71-91.
26 In F. Canon 'The Uniformitarian-Catastorophist Debate', in Isis 51 (1960)38-65.
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The introduction of Western science to Japan via Dutch sources flourished by 1800.27
The Dutch trading station at Deshima was the point of dissemination of Western
information in Japan. Scientific literature was sporadically but gradually brought in.
Officials who were in charge of interpreting the Dutch language gradually spread
scientific information and a Rangaku (Dutch Studies) scientific community was
formed. Initially, Dutch Studies focused on the subjects of astronomy and medicine.
Later, these became more specialized, corresponding to their Western counterparts.
The first knowledge on Western geology to be brought to Japan was in the form of a
Dutch encyclopedia by Chomel.28 The translation project of the encyclopedia
organized by the government was inaugurated in 1811. The following articles relating
to geological items were translated: Earth, Clay, Metallurgy, Agate, Amethyst, Asbest,
Antimony, Ash, Alum 29 Those, which are discussed according to Neptunist geology,
were completely different from the traditional Japanese view of "growing minerals
embedded in various rocks" according to the function of "Five Elements and Two
Fundamental Forces, Yin and Yang" as described in the gigantic classic work,
Unkonshi, by Kiuchi Sekitei.30
Two different currents, the Dutch overseas scientific approach and the
Japanese interest in Western sciences, had an opportunity for direct exchange in the
1820's. Assigned to promote trade and industry, Von Siebold was sent to Japan in
1824. Shortly before his dispatch, he was appointed a corresponding member of the
Batavian Society.31
The dispatch of Von Siebold and a pharmacist, H. Burger, marked a new step
in the history of science in Japan. They contributed to the dissemination of modern
Western science mainly in the field of medicine. Bed-side clinical education was
conducted and systematic scientific instruction was, for the first time, delivered at
their private school, Narutakijuku. Their contribution is practically evident in the
27 J . Numata Y6gaku(1989).
28 T . Itazawa Nichiran Bunka K6sh6shino Kenkyi (1959)264-297.
Y. Sugano 'ChomelOrandagoban', in Nihon Y6gakushino KenkyQIII (1974)71-112.
29 KoseiShinpen reprint in 1937.
M. Doi Wagakunino 19 Seikiniokeru KindaiChigakushis6no Denpa to sonoH6ga (1978).
30 For a Neo-Confucian view of earth and minerals, see Mathematicsand the sciencesof the heavenand
earth, Vol. 3, in J. Needham Scienceand Civilisationin China (1956).For an early history of geological
sciences in Japan, see K. Mochizuki Nihon Chigakushi,and I. Imai Reimeikino Nihon Chishitsugaku
(1966).
31 Transactionsof the BatavianSociety9 (1823)xi and xxxvii.
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specialization of sciences in Rangaku. With regard to geological research, not only
Neptunian geology, but also the first infiltration of chemical mineralogy was ascribed
to their contribution.
Scientific activities conducted by Von Siebold should be understood from the
viewpoint of colonial sciences. Scientific activities in the period of our concern had
never been a "pure" issue of knowledge, but were politically interwoven. Today, in
the aftermath of "scientific" rampancy, we cannot remain simply naive and believe
the nature of "science" to be fundamentally good. The case of Von Siebold is no
exception, although he often used to be viewed as a "benefactor" of the introduction
of modern Western science in Japan 32 Such a view, though, can only be derived from
a "Whig interpretation of history" 33 The dual nature of his scientific activities
should thus be a focal point. He disseminated medical and scientific knowledge as a
"benefactor" , while he acted as a perfect colonial scientist. Using Said's argument, for
instance, Friese regarded Von Siebold as an exemplification of "Orientalism" 34
Parallels can be drawn between the exploitation of indigenous informants and those
in Dutch Javanese studies, as revealed by Tsuchiya.35 Through an analysis of Von
Siebold's work, light will be shed on the dual character of his scientific activities.
4.1. New lift on the manuscript of the Bet unpublished "Geologica Japonica":
addition of chemical mineralogy to Wernerian geology; analyses of mineral
water.
Geological studies by Von Siebold and Burger were peripheral

even within the

perspective of natural history. In comparison with the other natural kingdoms, for
which two vast series of publications, "Flora Japonica" and "Fauna Japonica", were
dedicated, "Geologica Japonica" had not yet, been written. Recently, however, a
manuscript related to their geological survey was found in the Von Siebold archives
in the University of Bochum, Germany, as a result of my investigations.36 Geological
and mineralogical research for this was identified as having been carried out in 18241829. The manuscript was determined to have been handwritten by Burger. This is
most probably a draft of "Geologica Japonica". The contents are as follows: an overall

32 For activities of Von Siebold and Burger
, see Tsukahara A Study on the beginning of chemistry and
chemicaleducationin Japan: with specialreferenceto the contributionof Ph. F. von Sieboldand H. Burger
in the first half of the nineteenthcentury (1987).
33 H . Butterfield The WhiggishInterpretationof History (1931).
Idem,Theorigin of modernscience,1300-1800(1957).
34 E. Friese Phillip Franz von Siebold als fruher Exponent der Ostasienwissenschaften:ein Beitrag zur
Orientalismus-diskussion and zur Geschichteder europaischjapianischenBegegenung(1983).
35 K. Tsuchiya '19 Seiki Jawa Bunkaron Josetsu: Jawagaku niokeru Rongowarushito no Jidai', in
TBnanAjia no Seijito Bunka(1984) 71-127.
3 T. Tsukahara 'Nishi Doitsu Ruhr Daibaku, Bochum, ni Genzon sure Siebold Kankei Bunsho chuno
Chishitsugakuteki Chosa Kenkyu nitsuite', in Nichiran GakkaiKaishi 15-1/29 (1990)57-77.
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observation of physical geology with an insight of "geognosy"; specific descriptions
of individual rocks and minerals found in Japan in the manner of "oryktognosy"; the
results of analyses of mineral water from II different hot water springs; mining and
smelting of copper in Japan; the state of mineralogical studies in Japan; a list of
Japanese (volcanic) mountains (see Figure 1).
There were two strategic intentions. Firstly, the primary interest was in
extensive geographical
description.
It was modelled after "Humboldian"
methodology, a tradition in geological survey for explorers of "Terra incognita".
Secondly, a particular interest in valuable minerals was obvious. In the section on
descriptive mineralogy (which is called "oryktognosy" in Neptunian terms), in
particular, Burger extensively discussed sample localities (places where minerals
were to be found), quality and percentage of metals contained, and yearly production
from specific mines for further mining possibilities. For copper mining, Burger made
a separate chapter, to be discussed later in this paper.
As the terminology shows, their survey was carried out in the ways of the
Wernerian school of Neptunism. The Wernerian influence on Von Siebold and Burger
is also evident from a list of geological and mineralogical books at Von Siebold's
disposal in 1823.37 The titles known so far, which relate to their geological studies
are:

- C. A. S. Hoffmann, HandbuchderMineralogie,fortgesetztvon August Breithaupt,18111818.
- J. F. A. Breithaupt, fiberdie Aechitheitder Crystalle,1815.
- A. G. Werner, LetztesMineralsystem,aus dessenNachlasshrsg. von j. K.Freisleben,mit
Erlduterungenvon Breihauptand Custos Kohler,1813.
- K. W. G. Kastner, Grundrissder Experimentalphysik,1820-1822.
- S. F. Hermstaedt, SystematischerGrundriss der allgemeinenExperimentalchemiezum
Gebrauchder Vorlesungenentworfen,1812-1824.
- J. F. John, ChemischesLaboratorium oder Anweisung zur chemischenAnalyse der
Naturalien, nebstDarstellungder nothigstenReagenzien,1808-1821
- G. F. Parrot, Grundenissder theoretischenPhysik,Thl. 1,2,3,and Grundenissder Physik
der Erden and Geologie,1815.
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Using almost the same methods, more analyses of mineral water were carried
out by a Japanese Rangaku scholar, Udagawa Yoan. He had some exchange with, and
was certainly inspired by, Von Siebold and Burger on the occasion of their visit to
Edo in 1826.39 Udagawa's contribution to the establishment of chemistry in Japan
was outstanding, as represented by his extensive work, Seimi Kaiso.40 A transfer of
chemical experimental techniques can be seen here in the analysis of mineral water,
which was performed in relation to the framework of geological research, too.
4.2. Survey of coal mines and an attempt at tea transplantation
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38 For an analysis of mineral water , see T. Tsukahara A Study on the Beginning of Chemistry and
ChemicalEducationin Japan (1987).
39 For the diary of von Siebold
, and autobiography of Yoan, see T. Kikuchi 'Yoan Nenpu Chusyaku',
in Seimi Kaiso Kenkyu (1975) 115-131, and M. Koda 'Udagawa Yoan no Nenpu (Jo)', in Tsuyama
Men Kiyo29 (1992)179-220.
40 For SeimiKaiso, see Tanaka, ed. SeimiKaiso(rep. 1975).
See also Tsukahara Affinity and Shinwa Ryoku: Introduction of Western chemical concepts in early
nineteenth-centuryJapan (1993).
41 For manuscripts on coal mines , see V. Schmidt, 1.379.000. (1989) 284 entitled Wenige vragen
betreffende de steenkolen levering van den Vorst van Tsikuzen'.
42 For the "reports" from students , see T. Okubo, et al. 'Monjin ga Siebold ni Teikyo shitaru Rango
Ronbun no Kenkyu', in SieboldKenkyfl(1938).
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A manuscript dealing with chemical research on the soil of a tea plantation in
Ureshino, Kyushu, was also found (Figure 3).43 This investigation was carried out
with the intention of cultivating Japanese tea shrubs in Java at colonial plantations.44
Later, in Java, some experiments in tea transplantation were carried out within the
framework of Dutch colonial scientific attempts: it was Von Siebold who collected
and sent several species of tea seeds and shrubs to Java, scientists affiliated with the
colonial botanical garden in Buitenzorg (Bogor) and members of the Batavian Society.
All these investigations are comparable to so-called "feasibility studies" used
in modern day development projects. The accuracy, though, of these studies in
predicting the future is a great surprise. Their research anticipated later economic
development such as fertile coal mines in the Chikuho area of Northern Kyushu,
which later supplied the iron industry in Japan. Needless to say, tea plantations in
Java became a profitable business for Dutch colonists.
4.3. The Investigation

of Copper

4.3.1. Visit to Sumitomo copper refinery at Osaka. and acquisition of metallurgical
samples including copper ores and "stick copper"
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see Figure 4)47 This
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43 For manuscripts concerning tea cultivation , see V. Schmidt Op. cit., 123-126: Theodor Friedrich
Ludwig Nees von Esenbeck, Unterschrift unter den Notizen fiber verschiedene Arten des
Teestrauches, u.s.w. Beschreibung des Theestrauches Tea Sinensis Linn.
44 For tea transplantation from Japan to Jawa , see Ishiyama 'Nihon niokeru Chaju no Saibai to Cha no
Seiho', in Siebold'Nipponno KenkyuiltoKaisetsu(1977)179-184.
45 Von Siebold was , however, not the first to get there. Thunberg had been there as well in 1776. The
earliest known record of a visit to the Sumitomo refinery is as early as 1690, as noted in a diary by
Opperhoofd Dijkman. Also see H. Shoji 'Orandajin to Izumiya to Osaka Dofukijo', in SakokuNihon
to KokusaiK6ryf22.
For Kod6 Zuroku, see K. Nishio Nihon K6gy6shiyo(1943) 164-188. Kod6Zuroku has been reprinted
many times. See Saegusa's reprint version.
46 The diary of von Siebold was reprinted in 1975 by Kodansha
, and its Japanese translation was
published in 1977-1979by Yushodo. 47
Through the courtesy of Mr. T. Sueoka & Mr. Kawasaki, of the Sumitomo Archives, the note
entitled "Komojin Nyuai no Hikae" is reproduced for this study. See also, K. Imai 'Siebold no
Sankan sera Sumitomo no Dofukijo', in Ika (Sumitomo Shanaishi) 232 (1934)36-45.
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ores", which is considered to have contained copper minerals, smelting, slag,
intermediate products and refined copper. In addition to these, Kodo Zuroku, a copper
mining and smelting book, was also presented to Von Siebold.
One may wonder where these gift samples of copper ores and intermediate
products of copper are now. They were recently identified in the Netherlands. A
collection of rocks and minerals, including fossils and artistic objects (Suiseki) in the
Muses of Geology and Mineralogy, Leiden, was first examined by M. Osawa in 1983
(Figure 5).48 Following Osawa's findings, closer research into this collection was
carried out by the author of this paper with the cooperation of Arps of the museum.
As a result, some of the copper ores were identified as originating from the Besshi
mine in the Iyo domain (Ehime prefecture) in Shikoku, which, in Von Siebold's day,
was involved in the Sumitomo mining industry. Several pieces of slag from the
smelting process are most probably from the Sumitomo refinery. These are the gifts
from the Sumitomos to Von Siebold. Two pieces of stick-shaped copper, "Saodo",
were also found. These objects are valuable, not only in that they substantiate Von
Siebold's interests in Japanese mining, but also that they are able to provide some
references with regards to recent excavations of the Sumitomo refinery in Osaka.49 In
the collection, at least three different acquisitions can be identified, but they were all
put together at the Museum's convenience under the name "Von Siebold Collection".
Here again, Burger's contribution is not negligible. My examination could illustrate
that it was Burger rather than Von Siebold who constructed a whole series of
collections of rocks and minerals. There is also proof that geological parts of Von
Siebold's research program were carried out by Burger.
The collection is primarily classified according to Hoffman's system with
Wernerian nomenclature. As can be seen in Figure 5, it is noteworthy that binary
nomenclature by Hauy was also attached. A remarkable point in Hauy's binary
nomenclature is that it indicates the chemical composition of specific minerals. This
collection also corresponded to the description of Burger's manuscript on Japanese
minerals. Specimens found are listed in Table 2 in reference to Hoffman's and
Burger's works.

48 Osawa's report is in the Nihoran GakkaiKaih6(1987). He also presented preliminary research results
at the occasion of the annual meeting of the Japanese Society of History of Science in 1983.
See also, T. Tsukahara and M. Osawa 'On the Siebold Collection of crude drugs and related
materials from Japan', in Bulletin of Tokyo GakugeiUniversity, Section IV, Mathematics and Natural
Sciences41 (1989)41-97.
49 For the excavation project of Sumitomo refinery , see N. Haga Wagakuni Do Kaihatsu no Rekishi
nitsuite', in Enerugii Shigen 5.3 (1984) 256-262; Idem, 'Nagabori Dofukijo ato', in Shigen Sozai
Gakkaishi106.12(1990)760;and Idem,'Sumitomo Dofukijo', in Kinzoku(May 1991)70-77.
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Table 2: List of specimen found in Rijksmuseum van Geologie en Mineralogie.
According to Burger's classification & Hoffman's reference.
Geognostische
UbersichtderLagerstadtvondenenbisjetztvorgefundenen
oryktognostischen
Fossilien,H.Burger.(Manuscript
byBurger)
In brackets[---] followingBurger'sspecificationof the specimenis referencepage in the book of
Hoffmann'sHandbuch
der Mineralogy[numberofvolume.page.]
I. Klssse Erdige Fossilien
Kieselgeschlecht
Granat,W. Grenat,H.
Topas,W. Topaze,H.
Schorl,W. Tourmaline,H.
Quarz,W. Quartz hyalin,H,
Eisenkiesel,W, Quartz hyalin rubigineux,H.
Horzstein,W. Quarz agathe,H
Feuerstein,W. Quartz agathe pyromaque,H.
Kalzedon,W. Quartz agathe calc&loine,H.
Opal.W. Quartz resinite,H.
Jaspis,W. Quartz jaspe,H,
Obsidian,W. Lave vitreuse obsidienne,H.
Bimstein,W. Lave vitreuse pumicee,H.
Feldspath,W. Feld spath,H.
Thon Geschlecht
Porzellanerde,W. Feldspath argiliforme,H.
Schiefer Thon,W. Argile schisteuse,H.
Thonschiefer,W. Argile schisteus tabulaire,H.
Glimmer,W. Mica,H.
Homblende,W. Amphibole,H.
Basalt,W. Basalte,H.
Klingstein,W. Feldspath compacte sonore,H.
Lava,W. Lava,.
Talk Geschecht
Speckstein,W. Talc steatite,H.
Bildstein,W. Talc glaphique,H.
Serpentin,W. Roche serpentineuse,H.
Talk,W. Talc,H.
Asbest,W. Asbeste,H.
Strahlstein,W. Actinote,H.
Kalk Geschecht
Kalkstein,W. Chaux carbonatee,H.
Kalksinter,W Chaux carbonates cocretionee,H.
Erbtenstein,W. Chaux carbonatee concretionee
globuliforme,H.
Kalktuf,W.
Chaux carbonatee cocretionee .incrustante,H.
Rautenspath,W. Chaux carbonatee magnesifere,H.
Flussspath,W. Chaux fluatee,H.
Gips,W. Chaux sulfatee,H.
Fraueneis,W. Chaux sulfatee form:det: H.
Barijt Geschecht
Schwerfspathes,W. Barijte sulfatee,H.
II

Klssse Salzige Fossilien
Kupfer and Eisenvitriol,W.

Cuivre sulfate et fer sulfate,H.
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[I.p.353]
[I.p.422]
[I.p.491]
[I.p.577]
[I.p.626]
[H.a.p.l]
[II.a.p.60]
[II.a.p.65-185]
[II.a.p.83]
[II.a.p.108]
[II.a.p.144-156]
[II.a.p.172]
[II.a.p.191 ]
[II.a.p.213]
[II.a.p.295]
[H.b.p.1]
[II.b.p.10]
[II.b.p.56,66]
[II.b.p.111]
[H.b.p.115]
[II.b.p.146]
[II.b.p.162-174]
[II.b.p.180]
[Il.b.p.187-213]
[II.b.p.214]
[II.b.p.236]
[II.b.p.244]
[II.b.p.255]
[II.b.p.267]
[II.b.p.277]
[II.b.p.293]
[IIl.a.p. I ]
[IIl.a.p.2]
[IIl.a.p.32]
[III.a.p.36]
[III.a.p.40]
[II.a.p.48, 57, 60]
[II.a.p.94]
[III.a.p.105]
[III.a.p.117]
[III.a.p.185]
[111.a.p.1551
[III.a.p.208]
[III.a.p.235]
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III Klasse Brenliche Fossilien
Schwefel Geslecht
Vulkanischer
Schwefel,W. Soufre volcanique,H.
Naturliche Schwefel,W.
Soufre,H.
Erdharz Geschecht
Erd6l,W. Bitume liquide brun ou noiratre,H.
Braunkohle,W.
Houille,H.
Schwarzkohle,W.
Houille,H.
Mineralische
Holzkohle,W.

[IIl.a.p.247]
[III.a.p.252]
[IIl.a.p.262]
[llI.a.p.252]
[llI.a.p.264]
[lll.a.p.266]
[llI.a.p.277]
[llI.a.p.291 ]
[Graphit
Geschecht,
Ill.a.p.319]
Resin Geschecht
[HI.a.p.323]
Bernstein,W.
Succin,H.
[llI.a.p.324]
IV. Klasse Metallische Fossilien
[llI.b.p.1]
Gold Geschlecht
[III.b.p.10]
Gediegen Gold,W. Or natif,H.
[llI.b.p.10]
Quecksilber Geschlecht
[llI.b.p.18]
Zinnober,W. Mercure sulfure,H.
[llI.b.p.26]
Naturlich Amalgam,W. Mercure argental,H.
[III.b.p.2 1]
Quecksilber Lebererz,W. Mercure sulfur bituminifere,H. [llLb.p.33]
Silber Geschlecht
[lll.b.p.38]
Gediegen Silber,W, Argent natif,H.
[llLb.p.38]
Spiessglanz and Arseniksilber,W. Argent antimonial et [llI.b.p.46,48]

Argent antimonial arsenifere,H.
Glaserz,W. Argent sulfure,H.
KupferGeschlecht
Gediegen Kupfer,W. Cuivre natif,H.
Rothkupfererz,W. Cuivre oxydule,H.
Kupferglas,W. Cuivre sulfure,H.
Buntkupfererz,W. Cuivre pyrite hepatique,H.
Kupferkies,W. Cuivre pyriteux,H.
Fahlerz,W. Cuivre gris arsenifere,H.
Kupferlasur,W. Cuivre carbonatee bleu,H.
Malachit,W. Cuivre carbote vert,H.
Eisen Geschlecht
Schwefelkies,W. Fer sulfure,H.
Magneteisenstein,W.Fer oxydule,H.
Magnetischer Eisensand,W. Fer oxydule granulair,H.
Eisengalnz,W. Fer oligiste,H.
Roth and Brauneisenocker,W. Fer oxyde pulverulente,H.
Eiseniere,W. Fer oxyde geodique,H.
Blei Geschlecht
Zinn Geschlecht
Wissmuth Geschlecht
Zink Geschlecht
Blende,W. Zinc sulfure,H.
Antimon Geschlecht
Grauspiessglanzerz,W. Antimoine sulfure,H.
Mangan Geschlecht
Manganspath,W. Manganese oxyde carbote,H.
Kobald Geschlecht
Weisseer Speisskobalt,W. Cobalt arsenical,H.
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[III.b.p.57]
[III.b.p.83]
[llI.b.p.84]
[llI.b.p.89]
[llI.b.p.103]
[III.b.p.1101
[llI.b.p.113]
[llI.b.p.119]
[III.b.p.134]
[llI.b.p.144]
[llI.b.p.186]
[III.b.p.190]
[III.b.p.216]
[llI.b.p.223]
[lll.b.p.229]
[IIl.b.p.254]
[llI.b.p.286]
[IV. 7) Blei]
[IV. 8) Zinn]
[IV. 9) Wismuth]
[IV. 10) Zink]
[IV.a.p.73]
[IV. 11) Antimon]
[IV.a.p.102]
[IV. 13) Mangan]
[IV.a.p.155]
[IV. 15) Kobald]
[IV.a.p.173,174]
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Arsenik Geschlecht
Arsenikkies,W.
Rauschgelb,W.

[IV. 16) Arsenik]
[IV.a.p.211]
[IV.a.p.220]

Fer Arsenioal,H.
Arsenic sulfur6,H.

4.3.2.Burger's article on Japanese copper based on Kodo Zuroku
Burger wrote an article on Japanese copper based on KodoZuroku, and published it in
The Transactionsof the BatavianSocietyof Art and Sciences.He discussed the visit to the
Sumitomo copper refinery as well, and widely cited the Kodo Zuroku which was
given to Von Siebold by the Sumitomos on the occasion of their visit. This Kodo
Zuroku used by Burger can be found in the National Museum of Ethnography in
Leiden (Figure 6).50
The fact that Burger reported on Japanese copper in Dutch is evidence of an
exchange of geological and mining knowledge between Europe and Asia. It is my
intention to contribute to the follow-up of Vogel's study at our last conference, in that
he clarified the transmission of Agricola's De Re Metallicainto China during the years
from 1638 to 1640 by the Jesuit Johann Adam Schall von Bell.51 Vogel pointed out
that the translation of De Re Metallica was dictated by the fiscal importance of the
Right Vice-Minister of the Board of War, Yang Ssu-ch'ang, who appealed for the
promotion of mining, although the upsurge in the promotion of mining was
controversial between the late Ming military officialsand the civil officials. The latter
emphasized the negative social, economic and ecological aspects of mining and stuck
to the agricultural advantages. Mining was also held responsible for disturbing
geomancial features of the landscape. All in all, unlike Europe, rulers and officials in
China generally thought less positively of mining and smelting activities.
Nevertheless, European mining literature was welcomed and consumed by a variety
of people of different social strata. Since miners and smelters were mostly illiterate
and occupied a low rank in the social hierarchy, influence of such literature was
mostly limited to officials and.scholars. Vogel further noted that recipients of the De
Re Metallica in China were officials, while in Japan they were entrepreneurs, such as
the founder of Sumitomo. It was due to the efforts of these entrepreneurs, that the
Japanese could utilize such techniques as the liquation process (Seigerprozess), and
the separation of copper and silver by means of lead mediation.
50 KodoZuroku in Rijksmuseumvoor Volkenkundeis listed in the catalogue by L. Serrurier Bibliotheque
Japonaise: Catalogue RaisonW des livres et des manuscrits Japonais enregistres d la bibliothEquede
1'universitede Leydenr 901 (1896)204.
51 H . U. Vogel 'The Transfer of Mining and Smelting Technology between Asia and Europe in the
Sixteenth to Early Nineteenth Century', in the Journal of theJapan-NetherlandsInstitute III (1991) 74101.
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Burger's article shows the reverse of this process, namely the transfer of
technical informationfrom the East to the West. The article,entitled "Beschrijving
der JapanscheKopermijnenen der Bereidingvan het Koper"(Descriptionof Japanese
copper mines and the preparation of copper), was published in Transactionsof the
Batavian Societyin 1836(Figure 7).52 As the title shows, he outlined the copper
industry in Japan with a short report of his visit to the Sumitomorefinery. Most of
the technical informationis based on KodoZuroku. He also provided specimensof
copper ore with scientificnames in both Wernerian (Dutch version) and Hauy's
nomenclature. "Koperglas(cuivre sulfure, H.)" and "bontkopererts(cuivre pyrite
heptique, H.)" are such examples. It is worth noting that he also mentioned the
amount of annual productionof copper at severalmines in Japan, though its source
was not specified. Burgerdiscussedthe reasonfor the typicalred surfaceof Japanese
copper as well. Althoughthe Japanesespeculatedthe red colorto be a result of final
molding in water, Burger suspected it was a result of later treatment with high
temperature steam on the surface in accordancewith Hermbstead's Experimentaal
chemie(Figure 8). He also pointed out the high content of silver in Japanesecopper
ores, and the separationof it using lead, the so-calledliquationmethod, Seigenprozess
or zaigeerenprocess,which was practicedby Sumitomo.Burger said that the method
was introduced by Hakuzui,a Portugese,around 1590,and the method had already
been referred to in the Chinese classic Ten-ko-kei-buts
(Tenkoukaibutsu).Copper
business provided wealth to the Sumitomofamily,a prosperousindustrial-financial
concern even today. Obata's discussion clarifies the historical and technical
background on this method. Burger witnessedand described the detailed practices
involvedin this process.
Japanesecopper miningand refineriesattractedattention from other business
concerns:not only fromDutch traders,but from overseasBritishresearchers.Yoshida
found an English article based on KodoZuroku published in Canton in Chinese
Repositoryin 1840.53This journal was edited by missionaries,and the article was
written by Williamswho reportedly acquiredKodoZuroku through a friend of "Mr.
Burgerof Deshima". Historicalfactsconcerningthis topic, that is to say, how and
when Williamsgot KodoZuroku,how he could read Japanesetext, or whether there
were any Japanesewho could translate the book for him, how the Dutch and the
Britishmade contacton these scientificissues,and so on, remain to be investigated.
However, it is abundantly clear that technical procedures for Japanese copper
52 H . Burger 'Beschrijving der Japansche Kopermijnen en der bereiding van het koper', in
Verhandelingenvan het BataviaaschGenootschapvan Kunstenen Wetenschappen16 (1836)1-28.
53 An English article on KodoZuroku can be found in the ChineseRepository9 (1840)86-101. See also,
M. Yoshida 'Kodo Zuroku no Eiyaku', in KagakuGijyutsushi Kenkyi22 (1%8) 1-5. For KodoZuroku,
see also, A. Fujino D6 no Bunkashi(1991).
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5. Geological Sciences in Japan after the Impact of Von Siebold:
Udagawa Yoan, Mitsukuri Shogo and Sakuma Shozan
Having been stimulated by Von Siebold and Burger, various kinds of geological
studies developed in Japan. For instance, within the framework of his chemical study,
Udagawa Yoan referred to the geological formation of the earth in a chapter on silica
as follows: "[In Europe,] scholars involved in studies of geological features stipulate
that there are three different kinds of new and old mountains: the first are called
'Original Mountains' (Oorspronklijk Bergen)
, which contain silica type stones such as
granite and agate; the second are called 'Successively Formed Mountains'
(Daarnagevormde Bergen) or 'Chalk Mountains', which produce chalk earth such as
marble and asbestos; the third are called 'Lastly Produced Mountains' (Laast
Voortgebragte Bergen). They produce stones in the shape of animals and plants, such
as petrified wood, divinely-old-cedar, dragon's bone, and fossil fish, Jusper, diamond,
gold, silver, copper and iron. This kind of mountain was young and formed after the
big flood."54 It is identified that Udagawa based this description on O. Segur's
Brievenover. de Grondbeginselender Scheikunde;door Octavius Segur,gewezenleerlingbij
de polytechnischeschool. In gerigt volgensde Lessender HoogleerarenBertholet,Fourcroy,
Chaptal, enz. (1811)(Letters on principles of chemistry: by Octavius Segur, a student
attending the polytechnic school. Written following lessons by Professors Bertholet,
Fourcroy, Chaptal, and so on).55 As the title indicates, this work is based on the then
up-to-date French technical education, notably that of "Ecole polytechnique". It is
worth noting that the contents of the lectures at the "Ecole" were transmitted to Japan
via Dutch translation. This exemplifies, too, the infiltration of European knowledge to
Japan.
Mitsukuri Shogo also furthered geological study. He discussed the geological
formation of the earth in his work on world geography, KonyoZushiki (1846).56There
he classified mountains into eight categories: 1. Old Mountains; 2. Chalk Mountains;
3. Gips Mountains; 4. Salt Mountains; 5. Kereet (?) Mountains; 6. Coal Mountains; 7.
54 Udagawa Yoan , 1837-1847,SeimiKaiso8, Ch. 160.
55 A bibliographical description of Segur's work is in: Brieven over de Grondbeginselen der
Scheikunde:door Octavius Segur, gewezenleerling bij de polytechnischeschool.Ingerigt volgensde Lessen
der Hoogleeraren Bertholet, Fourcoy, Chaptal, enz. In het Nederduitsch overgezet en met
aanteekeningen vermeerderd, door M. J. Reynhout, Medicine Studiosus op de Leidsche
Universiteit. Te Rotterdam, bij in. Locke 1811.
See also, Tsukahara Affinityand ShinwaRyoku(1993).
56 Mitsukumi Genpo Kon'yoZushiki 1 (1846).
M. Doi Wagakunino 19 SeikiniokeruKindai Chigakushis6no Denpa to sonoH6ga (1978).
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East Indies

Towards

the

1870's

Changes in mining practice in the Dutch East Indies in the 1840's and 1850's will be
summarized briefly due to spatial restrictions. This period was marked by different
attitudes of colonial commitment: from trading partner to ruler. As for agrarian
management, the cultuurstelsel (culture system) really began to take effect in this
period.58 There was a subsequent change in the strategy of geological exploitation in
accordance with this policy. The earliest administrative control in mining by "Het
Koninkijk Besluit van 1850" was proclaimed, in view of tin mines on the Banka
island, by Billiton and Singkep Maatschapij.59 Coal and other mineral resources came
to attract more attention, and the potential for exploiting petroleum in particular was

57 For Sakuma , see R. Matsuura Riso no Yukue: Seiji wa Shiso to nariurunoka', in Sakuma Shown
YokoiShonan (1970)7-85.Sakuma's geological field note is included in his diary entitled, 'Kutsuno
Nikki' [Kutsuno Diary] (1848-), which is translated and published in R. Matsuura, ed. Sakuma
Shown YokoiShonan(1970)206-250.Sakuma could read some Dutch books. In regards to our topic,
he read P. J. Kasteleyn Beschouwendeen werkendepharmaceutische,oeconomischeen natuurkundige
chemie (1783) which includes some articles about chemical compositions of earth, rocks and
minerals.
58 C . Fosseur 'Tussen Daendels en Van Heutsz: Het Nederlandse bestuur op Java in de 19de Eeuw',
in SpiegelHistoriae23-10(1988)413-419.
59 E . P. Wellenstein Het IndischeMijnbouwvraagstuk(1918).
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openly discussed b0 The Museum of Geology in Bandung, was also established in this
period as a "cathedral for scientists" in the colonies61
In the 1860's and the 1870's, one saw the institutionalization of studies
concerning mining: university education was formalized, scientific societies were
inaugurated, and a number of journals were started. For example, Jaarboekvan het
Mijnwezenin NederlandIndie (Annual journal of the mining department of the Dutch
East Indies) was first published in 1872.62The incubation period of the "enlightened:
scientific dream" gradually ended with more direct contact of science and politics:
overseas explorers became themselves more as an advent of colonial bureaucrats than
"missioned scientists". The romantic dreams of "Humboldians" such as Raffles and
Von Siebold were shattered at the dawn of the institutionalization of "science".
7.
Mines
1870's

and Metal

Production

in Japan

from the 1850's to the

In the political turmoil of the 1850's and the 1860's in Japan, various efforts were
dedicated to self-protection. The visit of Perry to Japan in 1851 made a horrifying
impact on the Japanese, leading to strong moves to build up an infrastructure to make
a strong nation. Industrial development in Japan was largely restricted in comparison
with Europe. However, the catching-up process displayed by Japan was remarkable.
In Europe, Bessemer invented a new type of furnace in 1855, a year considered to
mark the transition from the age of so-called "iron and coal" to that of "steel".6 On
the Japanese side, also in the year 1855, a reverbatory furnace in Mito was established,
and two years later in Kamaishi, a Western type reverbatory furnace (using charcoal)
was successful in smelting iron. This production was realized only after a long trial
and error process in various feudal domains, such as Saga and Izu, where local
officials merely based their attempts on the Dutch work, Huguenin's Het Gietwezen in
's Rijks IJzer-Geschutgieterij to Luik (Smelting in the National Iron Refinery in Liege)
(1826). These technical attempts were extensively studied by Ohashi and Nakaoka, in
which they demonstrated the intricate process of incorporating imported techniques

60 For the exploration of petroleum in the Dutch East Indies and its surroundings , see E. B.
Wolfenden Sources of GeologicalInformationfor S. E. Asia, GeologicalSocietyMiscellaneousPaper 9
(1976).
61 The concept of the "Cathedral of science" is from S. Sheets-Pyenson Cathedral of Science: The
developmentof colonialnatural historymuseumduring the late nineteenth century (1988).
62 For the institutionalisation of mining sciences in the Netherlands , see H. Stauffer 'The geology of
the Netherlands Indies', in Scienceand Scientists in the Netherlands Indies (1945)320-335; and C. L.
van Nes De Delftse mijningenieur', in TechnischeHogeschoolto Delft1905-1955(1955)256-269.
63 For the transition in the industrial period from "iron and coal" to "steel" , see D. Landes The
unbound Prometheus:technologicalchangeand industrial developmentin WesternEuropefrom 1750 to the
present (1%9).
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into indigenous technical knowledge, namely the development of endogenous
industrial technology in Japan.64
The supply of coal attracted attention in this period, primarily as fuel for war
ships with steam engines, but also for iron smelting. Some coal mines in Japan , which
had already been surveyed by Von Siebold in the 1820's, were worthy of attention. In
Saga prefecture, the promotion of coal mining was led by the feudal lord Nabeshima
Naomasa in the latter half of the 1850's. He adapted British coal mining techniques.65
Also in the northern Kyushu area in 1855, the main vein in the Miike coal mine was
opened and unprecedented
modern shafts and galleries were sunk and dug.
Investigation into coal veins in Hokkaido started in this period as well. Oshima
Takato, who made a success of iron production by creating a blast furnace to produce
pig iron (containing about 4% carbon), showed initiative in this field, too 66 Oshima
was appointed by the Tokugawa Government to explore coal mines in Hokkaido, and
he carried out a field survey of the Kayanuma mine, applying a chemical analysis of
ores in 1864. Oshima's contribution to the modernization of mining in Japan was
outstanding in various respects. For instance, he introduced the use of explosives in
mining and proposed administrative regulations similar to those still in effect today.
With regard to the transfer of science and technology, the situation drastically
changed after the Meiji restoration in 1868. Apart from the few turbulent years in the
beginning, the number of foreign engineers, so-called 'Oyatoi' (foreign experts),
gradually increased and thanks to their contributions, especially in mining, the
modernization process was accelerated.67 It was, however, not a simple flow or
diffusion of knowledge, but a painstaking process of assimilation by indigenous
Japanese people of Western technology.

In other words, foreign engineers were

properly exploited for the sake of a "Japanese self-help take-off' to an independent
industrial nation. The "Industrious Revolution", in Hayami's term, then successfully
moved into the phase of "Industrial Revolution". This issue dose, though, require
further discussion, as this absorption of Western technology occurred under very
peculiar circumstances. It was deeply characterized by the military's desire to gain
hegemony and supremacy over neighboring lands. This absolutely unacceptable
aggression was, in fact, the most important reason for the "Japanese success". All in
all, the Dutch commitment, at this stage, seemed to be diseased in its domination, and
another framework is necessary for further discussion on this topic.
64 Ohashi BakumatsuMeiji Seitetsushi(1975).
Nakaoka 'Gijyutsushi no Kanten kera mita Nihon no Keiken', in Kindai Nihon no Gijyutsu to
Gijyutsu Seisaku(1986)3-106.
65 For exploration of the coal mines, see K. Ida, et al., eds. Nihon KagakugijyutsushiTaikei20 (1%5).
66 For Oshima Takato , see Ohashi BakumatsuMeiji Seitetsushi(1975).
67 For 'Oyatoi', see UNESCO Higashi Ajia Bunka Kenkyu Center ShiryoOyatoi Gaikokujin(1975);and
H. Takeuchi RainichiSeiyOjinJinmeiJiten (1983).
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8. Concluding

Having

Remarks

seen the outline of Dutch commitment

to Asian mining resources

and

Japanese development of geological sciences as a sort of by-product of this, some
historical conjuncture can be pointed out. According to Pyenson, the Dutch overseas
empire had a most systematic character.68 In the light of Pyenson's remark, it can be
said that the Japanese took advantage of the infiltration of scientific curiosity. A
resonance between the two, the Dutch colonial scientists and the Japanese Rangaku
scholars, seemed to be amplified in this specific context.
Yet, generalization might not be the historian's primary job. During the period
of the establishment of monetary independence from neighboring Asian economic
systems, as was argued by Kawakatsu, techno-scientific pursuits succeeded in
providing instruments for the later survival of independent Japanese monetary
power. The seemingly sudden upraise of Japan as a modern industrial nation began
much earlier than the Meiji Restoration with a trickling-down of Dutch scientific
material.
It was, however, not a simple diffusion process as the "Whiggish"
triumphant march of "scientific rationality", but a phenomenon which took place
within the politically and economically designed plot of colonial sciences.

68 L . Pyenson Pure learning and political economy: science and European expansion in the age of
imperialism', in New Trends in the History of Science(1989)209-278.
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Copies of manuscripts on Japanese geology and mineralogy
kept in Ruhr University.

a. Title page for geognotic observation (descriptive
b. Manuscript on survey of copper.
c. Manuscript on a particular copper ore.
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2.

Copies of manuscripts on Japanese coal mines.
a. and b. Questionnaire by Von Siebold.
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3. Copy of manuscript

plantation.

on chemical analysis of soil from a Japanese

Carried out by Dr. Nees von Eisenbeck
kept by Von Siebold.
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4.

Copies from record of the "Red-haired

people" visit to Sumitomo.

a. Names of Siebold (Shiifuruto) and Burger (Birugeru) are seen.
b. Record of souvenirs: Item: Kodo Zuroku; Item: Sample Box of
Copper Ores (Hakusekibako).
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5.

Samples from Von Siebold collection in the Rijksmuseum van Geologie
en Mineralogie, Leiden, the Netherlands.

a. Sample box for copper ore. A stick of copper is included.
b. A sample, with card attached and description in German.
c. As above, cards in German and French with German and French
written by Bi r¢er.
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5.

Samples from Von Siebold collection in the Rijksmuseum van
Geologie en Mineralogie, Leiden, the Netherlands.

d.

Cards written by Burger. Nomenclature by Werner in German
(suffixed by capital W) and bi- or trinary nomenclature by Hauy in
French (suffixed by capital H.), with sample locality.
e. & f. Samples with Japanese description. These were probably given to
Von Siebold or Burger by their Japanese informants.
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6.

Copies from KodoZuroku, a version kept in the Netherlands
(Registration No. 1-4635, Rijksmuseum voor Volkenkunde, Leiden.
Bibliotheque Jose by L. Serruries, No. 901.).

a. Leaf 4b. b. Leaf 8a.

c. Leaf 13b.
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Figure 7.

Copies of Burger's article on Japanese copper.

a.Title page of the Transactionof BatavianSocietyfor Arts and Sciences.
b. Title and the first page of Burger's article.
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8.

A copy

from

Kodo Zuroku.

Moulding
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by water.

