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ABSTRACT
This article is concerned with the occurrenc
Dol i na a n dHurgananl rarify,khat was long an object of attention and

curiosity for many dmestic and foreign alchemists, chemists, mineralogists and

scientists. In particular, the peculiarities of this water allowed the extraction of

copper from the cementation water, of interest because of the development of

technological processes of coppettraction in the Slovak region of Habsburg
Monarchy. Copper has been obtained via preci
and Smolnik since ancient ti mes.

Key words: cementation water, vitriol waters, copper ore, pyrite, copper, iron,
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INTRODUCTION standing in mining tunnels or the runoff
from slag heaps.

The cementati on wat €ese nfystetious ®aieasn icantained
Dolina originated in extensive deposits of compounds of copper, mostly copper
copper, the ores of which occur in two sulphate, known at the time as bluestone or
types: ayellow variety (chalcopyrite) vi tr i ol um. (Her ¢ ko, 200
containing 810% of Cu with avery low sulphate originated in coppere mines by
silver content and &lack one (tetraderite) the decomposition of chalcopyrites and
with copper content varying considerably tetrahedrites. When rmetal item was
from 4 to 18% of Cu, 25612509/t of Ag immersed in &olution of copper sulphate,
and few grams of Au in one ton. The the iron dissolved and copper precipitated
copper ore was not as concentrated as thefrom the solution. This is the process that
silver, but more or less containedoil, so was ircorrectly accepted as transmutation

that it in some cases contained only4% of metals by the alchemists, and the reason
copper. for their interest.

The copper from Smolnik differed from
t hat of Spania Dolina in that it contained

aconsiderable amount of pyrite;83% on THE CEMENTATION WATERS IN
average. The poorer containeed3% and SLOVAKIA - AN
the better 12% or more. The silver content UNDERAPPRECIATED MINING
was generally | ow. HERIHAGEC k o0, 2003a;
Her ko) 2003b

The mysterious, long inexplicable process  The evolution of opinions, primarily those
of copper apparently extracted from iron led of alchemists, concerning the apgat
alchemists to incorrectly believe that this transmutation of elements (precipitation of
was clear evidence of the transmutation of copper from iron via the influence of the
alesser metal iron, to asuperior one- cementation water) in the Hungarian
copper (Her ¢ko, Ha® 8 2r@gions BfhSlovakiamis tvdiuabite heritage
been used to extract copper from water which might be interesting to both scientists
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and the general public. The cases of charactestics as the copper produced from
occurence and exploitation of cementation ore using conventional technology.
waters in Spania Do lThis aapparend tra®smating iakility a of e
remarkable examples of areas of interest for cementated water Wehrrner noted is due to
scientists of an earlier age, in that many t he chemi cal that- he «ca
scientists from throughout Europe came to apyrite contained in the cemenated water
study it in order to explain the chemical (Wernher, 1542. The alchemists sought
proceses behind this phenomenon. The evidence that Nature could extract copper
conception and realization ofcanter for directly from iron, thus producing one
mining tourism would be g@aluable project = metal from another.
to pursue. It would attract tourists not only  The young English doctor Edward Brown
with exhibitions of historical documents ( Her, E&«®56) vi sited Spani a
and alchemical, chemical and geological behest of the Royal Educational Society in
laboratories, but also with the opportunity 1672.Inhi s j our nal from Spa
for visitors (with professional supervision) described two springs of vitriol water which
to operate the machines, accessories andchanged anetal to copper, calling them
methods used for the exploitation of new and old cement. The springs rose deep
cementation waters in previous centuries. in the mines and the metal was generally
We are sure that appropriate locations for submerged for 14 days. These waters were
such centers eol d be f ound exiremely Sghabla asathe lowest grade of
Dolina, Smolnik or both cities. The authors iron, including scrap could be changed into
of this article are willing to assist with such pure copper, which was even more
aproject. malleable and easy to melt than most.

Doctor Brown also found that this metal

could be melted without the addition of

THE EVOLUTION OF OPINION other elements, while copper orequired
REGARDING CHANGES IN METAL several remeltings to become usable. In one
TO COPPER BY CEMENTATED experiment, he immersed an iron ingot in
WATERS the shape of keart in the water for about 2

weeks. It retained the original shape, but all
We can find references to the occurrence iron was replaced by copper.

of cementated wat er s Hogvarn many €xpertd ofathe atimd
Smolnik in the writings of alchemists, refused to accept that this represented true
polymaths, doctors and scientists as early as transmutation, insisting instead that the
theld'century ( TiTheroyalk ycem®wBtated water cont ai
counsellor of Spi§ cYambreirs®“ JurVajnuWehwner | ol
was one of the first to introduce the meeting aMarslike body (iron), imparts
European scientific public to chalcopyrite characteristics of Venus which immediately
stream and t he p 0 s speretrateand divideretebimperdnea(divide
ametal to copper in his workDe and rule), until the original material
admirandis Hungariac aquis  degenerates and is replaced by the copper.
hyppomnematign published in 1542 in  When iron is apparently transformed to
Basel He described process of copper copper via this process, many particles are
extraction from t he isodateed masl gather maohe rbottkm wi t h
the assistance of embedded metal objects.apowder form. This raterial is not,
The settled mass containe@@per, called however, iron but copper. Dr. Brown was
,cement” by the mineableto ekttt this powdenfrom the wader
2003). This settled copper was first melted and melt it into excellent copper. If this
and then further refined. The copper copper residue had not appeared, Dr. Brown
extracted by this method had the same could not have explained its absence.
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However, he was able to artifitha describesa pl it of Spania Do
replicate gprocess which naturally occurred
in the mine, in his opinion successfully.
While Doctor Brown carried out his studies
on the cementated wa
and their interesting effects on metals, the
mining administrator presented himvith
several specimens of the copper metal
produced in the waters. From this he
produced some highuality copper plates
and bowils.

Rulers as well as professional society
took an interest in the cementated waters of
Slovakia in the 1% century. Its mygteries
were of interest to the eminent scientific
autority Isaac Newton, secretary of the
Royal Society in London. Aetter, written
in 1667 to Cambridge Aston and published
in 1966 by Ti bensky, cont
instructions as to what to look for on
forei gn tri ps Spekifichllg n sj§
regarding the gold, copper and antimony ;?
mines of Kremince and Hungary, he was to
determine whether iron was transformed to = @i -t b\ &

= _ PN AT
copper by the vitriol waters found there in  Fig. 1 Luigi Ferdinando Marsigli
the rocks, and whether this copper could
then be melted to appear after cooling. On the Fig. 2 there is

I n Spani a Dol i na’” s mimas,fashsoned ithe.samdémaonerras that
observed ,two springesf witthe vVind®achwaa e rnii
and although he accepted the traditional difference being @anoramic view at the
opinion that this represented top. Acopper engraving of the slit was
atransmutation of a lower metal to the produced by Jan Schenck
higher one, copper to irpime was attentive  Marsigli explained this formation by
to the changing opinion of other scientists. writing that there were three streams of
The latter belived that the springs were cementated water which flow from the
composed of aopper sulphate solution surface to underground where they collect
(Vitriolum von Kupfer), parts of which are in pools(Fig. 3)
deposited in copper form in immersed iron. Iron there is slowly covered by copper
This opinion correctly deeribes the gist of  powder which is secreted from the
the cementation process. He also addressedcememated water. The origin of the latter
the questions put by Isaac Newton to was explained as sulfate particles melted
Cambridge Aston regarding the vitriol into mountain spring water, becoming
springs in Spani a Do kemantated water, which deposits it copper

Earl A. F. Marsigli, (Fig. 1) anember of as aresult of iron activity. These copper
the Paris, London and Montpelier Royal particles bond with sulphates very easily.
Societis, visited Spani aAnbtoel hdnaablien ¥686t and t o
also directed his attention to the cementated was medical doctor F.E. Bruckmann, in
waters (Duka, Z., N., 1974). In his work 1724. He was member of the Imperial
concerning the mine sAcaderhy of\WNataral Ewricsitids as wellhag
included asupplement (No. Xl), which the Royal Prussian Academy (Fig. 4).

= F =
' LUIGI FERBDINANDG
MARSIGLI.
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EXPLICATIO
FODINA SCHMELNITZENSES LITERARUM . ET NUMERORUM.

A A A Vens Cupri Principalis
A% » Case. in quas Minerslis, dum extahuntur ¢
Cunieulis . reeipuintur
€ € Lacws. m ques ague  colliguntur
f v Ambalacri. five Svor. profilum
i L l'.'. x Machoa . que  attollit aquam  vitmolatam  de
o L i Mante Meridionali

‘—"‘ :: tt& ¥ Muchina, que trahit aquam  vitriel. de Moate

Septentrionsls, Roxa, dicto

,,,,, 7 80 Anthe, mote ab hominbua, v am
bulueris . 870z, dictis

SCHMELNITZ
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Fig. 2 CapturecementingvatersS mo | from k696as shownn the work ofL.F. Marsiglio
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Flg 3 S pani aMibes lrpmrl&%as showrin the Work ofL.F. Marsiglio

He published ext ens cordgionyandahe canntantatedﬂlgtasm'rea)f
Dolina, but only his observations on base interesttous here. The minesin Spani a
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period here of several months is due to
suboptimal conditios in one of the springs.
The miners would sometimes place iron
items like horseshoes or nails in the water
to become covered by copperpractice
mentioned by Bruckmann. These were
given as gifts to collectors of curiosities and
became part of some coltemns of natural
history.

On the surface of the mine,gaeen soil
called Mountain Green or shale copper
(Chrysocolla natica, viride montanum) was
collected in wooden bins. Bruckmann had
never seen this substance before, as it
appeared only in associati with rich
copper veins in Slovakia. Painters used it as
agreen pigment.

Once an adequate amount of sediment
was collected, the bin was cleaned and the
soil sorted into three grades. The first was
captured in the first bins the water passed
— e 2 through;it was raw, coarse and mixed with
Fig. 4 FrancisErnestBruckmann sand. The material in the next bin was

) ) . somewhat smoother, and the third was the
Dolina were the biggest and most important finest, captured in the bins at the end of the
in Europe, because here it is possible 0 wat er* s fl ow (Heréko, 19

tunnel extensively underground and emerge
in adifferent location. Ore extracted here
was very valuable: 1 pound (cent) of ore p|STINGUISHING

generally contained 260 funts of copper. cHARACTERISTICS OF THE

However, most of this ore was tightly CcEMENTATED WATERS IN SPANIA
bound to the surrounding mineral and was poLINA AND SMOLNIK

very difficult to separate. In many places,

ore androck were joined in aontinuous F.E. Bruckmann also pointed out the

body (dike). Dur i ng dfferenceB betwedn mementated waterssini t

to Spania Dolina, appPpari matBolyi @@ 00arcekntSmo
of pure copper (1 cent = 54 florens) and compar ed t o Spani a Dol i
20-24 cents of cementated copper was copper pyrites settled quickly. During

» -~ ki e
A29¢" “UL‘:'. 14 o Macran A Brvara 100

ae.nr,.m'-a'._w;:m Eah

extracted. intensive mining these cementated waters
At the depth of 7Giaha(in old units) in offered more methods of copper acquisition
the mine, the cementated water was f rom i ron fragments and

collected in amall closed bin. Over the 2003a).

course of dew months, several cents of Di f f erences bet ween Smol
iron bar was transformed into copper by wat er and that of Spani :
simple precipitation. The copper particles enumerated as follows (Fig. 5):

accumulate in the water in the place of the 1. Whi | e t he wat er fro
iron precpitate Crocus Martis and are corroded iron to sludge and dust
transformed into aopper usually called because of vitriol concentration, the
cementated copper. This transformation i ron i mmer sed i n wat e
occurs more rapidly in different conditions, Dolina remainedintact. This is what

often in as little as 30 days. The longer allowed such items as crosses and
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must be submerged foryaar for the

FRANCISC! ERNESTI BRVCKMANNI, process to complete. Miners dranksthi
Gl e water to treat stomach problems; the
© SCIENT. MEMBRI, IVXTA AC POLIATRI vitriol in the water often led to severe
e vomiting followed by adegree of relief
CENTVRIA (Magula, 1976).
E P I S TOL AR V M Bruckmann also wrote that the collectors
I
ITINERARIARVM. of curiosities often requested souvenirs
ACCEDIT EPISTOLA such as snuffboxes, cups and other
L G BVCHNERI coNsIL decorative items to be plated in this water.
Samples of silver ore were also submerged,
“EMORABH‘BI%‘;SRYQQGTLANDW along with asilver mine model on which

Bruckmann saw the following text:

(raw translation)

. My mot her bor e me
black,

After abath Iwas nicely reddish,

Then the summer clothed me in its

vesture

Now everyone enjoys n

WOLFFENBYTTELAE, MDCCXLIL

Fig. 5 The title pages Bruckmann paggenturia

Epistolarum Itinerariarum .
Bruckmann records this text on another

horseshoes to be placed in the water, to OPJect:

be covered with copper and presented » Was iron, now Bm copper
as gifts. There is silver in me and am

2.The cementated water §QVe&fod nh¥k 9r0dsd”
been maied on the surface by the _
machines and also it 1hefoligwing ghymeiwvgsfound on,
became on the ground . ¢bntained acup: ,
alot of copper particles which came if What Ican everythinglo ,
were met with iron.The cementated | t "stsanga thing
water in Spania Dol i nl@mgORPE byfhagipn | 5 ¢ g
underground. The cementated water in After 30 days sitting in the water
Smol nik was pumped t o YQUn find thispue and pyight
machines and its precipitates appeared water .
on the ground. It cdmined many In Spania Dolina, ar
copper particles which appeared upon nobody will discover,
contact with iron. The cementated But surfedot .i"t " s a
water in Spania Dolina was exploited
underground.

3.1n Smolnik 600 cen®PQCLUSION 4 p per year
were transformed, while production in
Spania Dol i n24 cems,s dtﬁmpsyaconjrﬁon belief at théime that
becausewatr in Spania DJIE MAlEI'F nOdt Spania D
escape in large amounts and in some Were unlque to Hungary. However F. E.
cases travelled throughbarren vein. Bruckmann pointed to other localities with

4. 1n Smol ni k, the pré&é&Mm inféffsgnwtaddel{ 0onM wr
one month, whil i Pegpd gimgnpsihiogd diny dn
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similar cementated waters in the world, REFERENCES

| will mention some facts about the

existence of ot her s*“ DukaHe N. {1749 F.L. Magsigli sl )Slovakia,
In the second editd.i d; ﬁ\gég&ﬁ'lsé%y?fr stiepck apfatgshRotogy in

oeuvre  Magnalia dei in locis a7 " (1978) The scientific journey of F.E.

subterranies,published in Wolfenbuttel in Bruckmann through the Slovak mines, Rudy, 23,

1730, there are also facts taken from nr.3. Pargue,1975, B2.

Probier— Buchlein (exam book, gge 175) Hercko, 1. (1976): The journey of an English doctor

from an unknown author , who observed to the Slovak mines, Rudy,24, No.2, Prague, p.47

the Spania Dolina miHﬁfg’vanﬁggz) pigregt in gagr?gslcumgng e &

t w n
tunnel through to the Ferdinand shaft and smo | ni k| ¢ ?— e Cm%rigﬁ_ Ké novi nSyp 2
then eventually to the cementation Hertko, I. (2002a): Interest in mineral and thermal
equipment. There were eight cementation waters in Slovakian: Grecula, P. et al: History
machines which could holdtatal of 100 gg%elology in Slovakiajolume 1 Bratislava pp.
pounds ofiron, 50 pounds. |n‘ thg IfargeSt Hercko, 1. (2002h: The interest in @iracle
one. Iron was placed there indiscriminately, cementated water in Spania
whether pistons, tubes, locks or scrap iron In: Grecula, P. et al.(2002) History of geology
from the mine. The extracted cementated  in Slovakiavolume 1. Bratislava,p 31-38.
copper was removed after one year or so, Herékl"* . (ﬁ?:oéc)BThekSC'egce Journey gf Ger:"a”
. . . polymat .E. Bruckmanrnn: Grecula P. et al.
depending on the iron content of the pieces. (2002): History of geology in Slakia, volume
It was then transported to the Chamber 1, Bratislava pp. 56-58.
palace in Banska Bystrica and thence to the Her¢ko, 1. (2003a).: The miraculous cementated
smelter. waters of Spania Dol ina and
This unknown author also mentons | n Europe, Bandka@ctobert i avnic

. .. . 2003, page 697,:
avein containing mostly ~chalcopyrite Her¢ko, I. (2003b)Spani a amdbubinat ovské

without the silver, or sometimes bearing bearing minerals and the attention of travelers
only asmall amount. This vein was no andmineralogist¢o 1918 In: Copperin Europe
wider than galm width, and was secured Ban £k § a,u% 170at.2003,pp.128141
by reinforcements, as it was cut into veined Magula, R. (1976)  The history of technological

. : production of cementated co
rock completely covered in white and green Interest in the miraCL1Ious £ergaea:ated water in
n

vitriol. The Maxepthi | i 3fant H NPoA i d @smol ni k.
132 siah from the surface, and was 56 siah  5-15.

higher than the Ferdinand tunnel. Six Stillhammerovd, M. (2003 The secret or

hundred people workedhére and received I_[]nuyséezrgsg:/eelm?rgemm: By st Pérmoky
weekly compensat _' ,O n (I’iber(r%slgy’,%.%légé)Cor‘tribuﬂon t(gtlpac_%rgpgar) )
In these texts, mostly of descriptive public interested in learningabout the Slovak

character, authors tried to describe mining during feudalism In: The history of
amiraculous cementated water and  science and technology in Slovakia IV,
transformative process of iron into copper. Wef#:;f“;”?fa\g g;agﬂ%‘i’% iz?sﬁlgl?#;:r;aiogduis
Some of them made no attempt t_o eXplajm hyppémnemationTranslationby JakKoSecky
the process; those who tried did so in Martin, Osvetap. 86.

alchemical terms and accepted it as

evidence for the transmutation of metals.
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