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KAREL KOMAREK:

Vykvéty na slatiné u Podébrad.
Efflorescences i the Lowland Moors near Podébrady.

(PredloZeno 15. VII. 1950.)

_ Podébrady a jejich okoli jsou s hlediska mineralogického velmi chudé.
Ctvrtohorni nanosy hliny nebo pisku jsou navrstveny primo na opukach
kiidovéhe utvaru. Ani labsky pisek vytéZzeny cerstvé bagrovanim neobsa-
huje 7Zadny pozoruhodny nerost, nybrZ toliko malé oblazky vétSinou jen
zcela, obecnych odrid kiemene nebo valounky hornin, prinesenych sem
z horniho toku Labe. Jediné v dobé kolem prvni svétové valky kdyZ bylo
vyhlubovano pro Labe nové TeCisté, bylo mozné nalézti v mistech regulace
i pomérné velké kusy chalcedon® nebo achdits a v éerstvé nalamané opuce
nebo v jilu zase drobné krystalky pyritu a markasitu. O tom vsak v lite-
ratufe nikde neni dosud Zadnd zminka. Proto také J. KRATOCHVIL ve svém
monumentalnim dile (1) uvadi z Podébrad jen jediny nerost a to mira-
bilit, ktery tam byl pry kdysi nalezen na mok¥inich, podle zpravy
F. SiTENSKEHO. Skuteénd SITENSKY ve svém obsirném spise (2) zminuje
se o uvedeném nélezu, a¢ jen letmo, jedinou strucénou vétou: ,In eisenkies-
und kochsalzhaltigen Mooren '(wie z. B. in jenen bei Franzensbad, See-
stadtl, OuZic, Podébrad) entsteht im Torfe Glaubersalz.“ SITENSKY se zaji-
mal jen o raseliny a bélavé vykvéty, které v okoli Podébrad pied vice nez
pulstoletim na slatindch nasel, povazoval bezpochyby bez jakéhokoliv bliz-
$itho vyzkumu za vyloudeny siran sodny. Od té doby vsak skoro vSechny
polabské slatiny zanikly, k ¢emuZ p¥ispéla hlavné regulace labského toku,
provadéna v dobs kolem prvni svétové valky. Dnes bychom marnd po nich
patrali, nebot byly prfemémény v louky nebo pole. Neni vsak dosti dobte
pochopitelné, pro¢ vykvéty na slatinach, vznikajicich tehdy vétsinou na sta-
rych labskych ramenech, podle zpravy SITENSKEHO mély byt tvoreny zrovna
jen siranem sodnym, kdyZ ani v labské vodé (3) ani v ptdé neni v téch
mistech sodik nijak zvlast rozsifen. Proto malez SITENSKEHO se mi zdal
maélo pravdépodobnym. Piesné rozireseni otazky se da provést jen podrob-
né&jsim vyzkumem vykvétt a to jak mineralogickym tak zejména i che-
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mickym. K tomu lze vSak z celého Sirého okoli Podébrad pouZit dnes toliko
jediné lokality, nebot nikde jinde se jiZ slatina nevyskytuje. Je to slatinisté
na jihozapad od mésta, k némuz se dostaneme, jestliZe se statni silnice
cestou od hibitova (smérem od Prahy) sejdeme vlevo vozovou cestou, ve-
douci do lesa Obory. Slatinni hmota tam tvoii podloZi rozsahlé louky, roz-
prostirajici se od Obory smérem ke hibitovu. LoZisko slatiny bylo tam
objeveno v roce 1921 a hned jiz v pristim roce byly zavedeny v podébrad-
ském lé¢ebném tstavu raselinové koupele, pii nichZ se nové nalezené slatiny
zacalo pouzivat k lé¢eni. Od té doby se v onéch mistech slatinnd hmota
k 1ééebnym tGclelim tézi kazdorotné a nechavi se pak delsi dobu jesté na
misté nakupena v hromadich, aby zvétrala. Po vytéZené slating zlstavaji
do dnesni doby dva rybnicky, jejichZ charakter po strance faunistické a flo-
ristické jsem v mejhrubsich obrysech stanocvil.

Hojné bilé vykvéty jsem nasel na hromadé vytéZené slatinné hmoty,
lezici mezi vétsim rybni¢kem a vozovou cestou, vedouci do Obory. Slatina
neni té%ena v borkach, nybrz je pichdna v nepravidelnych kusech, na je-
jichZ spodni a boéné strané se vytvareji bélavé vykvéty pozvolnym odparo-
vanim roztokil, prosakujicich po desti hmotou slatiny. Vykvéty jsou pras-
kovité a jen na zetlelych listech vodnich rostlin nebo i na kusech vétvi,
v slatinné hmoté se vyskytujicich tvoii jemné, toliko az 2 mm dlouhé, jehlic-
kovité krystalky, o nichZ jsem mikroskopickym i chemickym vyzkumem
dokézal, Ze to jsou drobné krystalky sddrovce. Pres to bylo chemicky
zkoumano jesté slozeni vyluhu, ziskaného z bélavé hmoty vykvétu studenou
vodou. Alkalické kovy byly tam nalezeny jen ve zcela nepatrném mnozstvi.
Také byla chemicky zkouména voda obou rybnickd, vyznacujici se jak
vysokym obsahem vapniku, tak i znaénou tvrdosti uhli¢itanovou i mnoz-
stvim sirant. Byla odvozena i hlavni chemicka reakece, kterou se ve slatiné
vytvoril sddrovee spolu s limonitem.

7 provedenych praci vysviti, Ze vykvét na slatind u Podébrad se
sklada témér z distého sadrovee a Ze ani v diivéjsich dobach nebyly na
slatindch u Podébrad podminky pro tvorbu mirabilitu, nybrz, Ze tehdejsi
vykvéty na mokiindch tieba pricisti téZ jen sadrovei. .

*

No remarkable minerals occur in the Quaternary deposits near Podé-
brady, nor do such minerals occur in the sands of the Elbe. J. KRATOCHVIL
in his large work on Bohemian minerals (1) mentions only one mineral
from the neighbourhood of Podébrady which is also mentioned in lite-
rature. This mineral was found by F. SITENSKY (2) who mentions only
briefly and incidentally that Glauber’s salt is still being formed in
the lowland moors near Podébrady and elsewhere. SITENSKY was inter-
ested only in the peats and as for the whitish efflorescences which he
found in the lowland moors in the neighbourhood of Podébrady more than
half a century ago he considered them obviously, without any closer exa-
mination, as sodium sulphate. Since then, however, almost all lowland
moors of the Elbe region have disappeared, mainly as the result of the
regulation of the Elbe which was carried out at about the time of World
War I. Today we look in vain for these moors, as they have been turned
into meadows or fields. The lowland moors of the Elbe region arose

4



formerly mostly in old river channels of the Elbe, but the regulation of
the river completely drained these channels and turned them into meadows.
It is, however, puzzling why the efflorescences on the lowland moors near
Podébrady should be formed just by sodium sulphate, as sodium is not
specially abundant in these places either in the water of the Elbe or in
the soil. According to the analysis of the water of the Elbe at Celdkovice,
made at the time ((1892) by J. HANAMANN (8), 1 liter of water contained
only 0,01178 gr. Na,O, but at the same time 0,08202 gr. Ca0, which yields
the figure of 0,00874 gr. for Na and 0,05862 gr. for Ca. Taking in consi-
deration that sodium sulphate is at 180 C about 44 times more soluble in
water than calcium sulphate it is clear that no explanation can be found
for its separating out from its aqueous solutions, especially from such in
which there is nearly seven times more calcium. Thus SITENSKY’s finding
seems but little trustworthy to me. An accurate and correct solution of
the question can be obtained only by a detailed mineralogical and especially
also chemical investigation of the efflorescences. For this purpose, how-
ever, only one locality can be used today in the whole of the farther envi-
ronment of Podébrady, as the bottom peat is not exposed anywhere else
at present. This locality is the lowland moor southwest of the town of
Podébrady, reached by going down from the main road from the cemetery
(in the direction from Prague) to the left by the carriage way leading to
the wood Obora. The lowland moor forms here the substratum of a large
meadow stretching from the Obora in the direction towards the cemetery.
Here a deposit of bottom peat was discovered in 1921, and already the fol-
lowing year mud baths were introduced in the Podébrady health establish-
ment, utilizing the newly discovered bottom peat for treatment. Since
then the bottom peat has been exploited every year in these places for
therapeutic purposes, usually only after the main spa season is over at
the end of summer or also in early autumn. It is cut in irregular pieces,
which are left for a rather long time heaped together, while a weathering
of some of their components takes place. Two small ponds have remained
where the bottom peat was taken out; they stretch parallel to the carriage
way, at about 15 m. from it, behind a row of high alders.

The older pond, situated more to the north, is the larger one
(4527 m.) and with regard to the fauna and flora richer than the
second pond. Its north and east shores are irregular, covered with dif-
ferent kinds of sedge (Carex), also burweed (Sparganium) occurs here.
In July 1950 I flushed here in the noon hours a little bittern (Izobrychus
minutus), an adult male, though near-bye were flocks of domestic geese
and ducks. In several places the water-plantain (Alisma plantago) grows
out of the water. The Canadian water weed (Elodea canadensis) formerly
very abundant here has receded in more recent times, and the water mil-
foil (Mywviophyllum spicatum) spreads here unusually strongly. Horn-
wort (Ceratophyllum demersum) is abundant, at the eastern shore the
water crowfoot (Batrachium divaricatum); at the shore in these places
also rushes (Juncus conglomeratus) grow in a cover of slough grass.
Fish coming here during the spring floods multiply strongly. In the sum-
mer one can see large flocks of fish-fry in addition to sporadic adult pikes,
tenches and other cyprinoidean fishes, whose length however but rarely
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exceeds 30 cm. Crayfish can also be found in the hollows of the concave
bank. The domestic ducks and geese destroy the vegetation here consider-
ably and hunt especially tadpoles. In many places the water is perma-
nently made muddy ty them. Sometimes it is possible to surprise here
a musk-rat or adders. Abundant white efflorescences were formed on the
bottom peat taken from here during its lying in heaps; the investigation
of these efflorescences will be dealt with in another paper. The bottom
peat contains here mainly only moss and remains of aquatic plants, but
only relatively little wood and branches of trees.

The smaller pond (22,529 m.), situated more to the scuth, was
formed only in the last years by peat-cutting. At its southern margin,
from where the ground rises already in the direction towards the main
road, the deposit of bottom peat has just been exhausted, and passes into
clay and sand. The surface of the pond is covered with duck-weed (Lemna).
Recently the pond has become much overgrown with the Canadian water
weed (Elodea canadensis). The bottom peat cut here contains very abun- .
dant remains of wood, mostly quite soft, often fragments of trunks even
more than 20 em. thick, but relatively only few remains of moss. I gave
samples of the woods found in this bottom peat to Dr. I. KLASTERSKY for
the Botanical Department of the National Museum as documentary mate-
rial and for investigation. The whitish efflorescences on this bottom peat
were few, also when it had lain many months in heaps. Some pieces of
bottom peat remained black after drying out, others assumed a much
lighter, brown-gray coloration. Also many clay vessels of ancient cultures
were found in this lowland moor.

Reed grass (Phragmites communis) and sweet-flag (Acorus cala-
mus) lack completely in both ponds, though they are commoen on the Elbe.
The two ponds are separated by a common dyke (27 m.), but at the time
when the water is high they are connected by a narrow and shallow canal
left in the middle of the dyke. On the dyke are fcund the tubes of the
pumping plant, by means of which an electric motor carries out the drai-
ning before one begins to cut the bottom peat.

For the microscopic and chemical investigation I used
the white efflorescences which appeared in abundant quantity at the end
of 1949 on a heap of bottom-peat situated north of the larger pond. The
efflorescences were most abundant on the lower and lateral sides of the
pieces of bottom-peat, as they were indubitably formed here by the gradual
evaporation of solutions that had infiltrated the bottom-peat after rain in
a vertical direction downwards. The efflorescences had the appearance of
a white powder, which under magnification under the microscope appeared
as irregular heaps of a white substance without any crystal appearance.
But on rotten leaves or root-stocks of large water-plants, also on fragments
of branches or wood occurring in the bottom peat, it was possible to ob-
serve fine acicular needles (crystals), only about 2 mm. long. For purposes
of investigation a greater number of these needles was carefully detached
and assembled in a flat dish.

In the microscopic investigation it was found that
the acicular crystals have the shape of ordinary flat rulers and end obli-
quely. In the polarization microscope between crossed Nicols the needles
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show a distinctly inclined extinction of 370—380 and 520—530, Already
from this optical investigation we can infer with the greatest probability
that the mineral investigated is gy psum. But for making a true iden-
tification it was nevertheless necessary to make still also some chemical
tests.

As the fine crystal needles of the examined substance occurred only
in a small quantity on the bare remains of rotten leaves, I used for their
chemical imvestigation microchemical methods. As gypsum
itself is the chief compound formed in the microchemical detection of cal-
“citum and sulphates it was necessary to carry out other reactions. A rather
large number of laboriously separated acicular crystals was mixed in
a small conical test tube with several drops of distilled water, and the
suspension obtained was stirred with a thin glass rod for a fairly long time
in order to ensure that a saturated solution was formed. After centrifuga-
tion the clear supernatant liquid was separated by means of a pipette from
. the solid at the bottom of the centrifugal cone, which could not be dissolved,
and it was then used to make the general preliminary tests as well as
tests for calcium and sulphates. The reactions were made by using current
microchemical techniques, always only with part of one drop of the solu-
tion, upon an object slide placed once on white and once on black paper,
so that by the contrast formed it might be possible to ascertain the
expected reaction even if it took place only to a slight extent.

To the saturated aqueous solution obtained from the needles in the
manner just described was added some freshly prepared saturated water
solution of hydrogen sulphide. No precipitate nor any coloration was
observed, not even when the object slide with the reaction solution was
inverted for a fairly long time over a dish with concentrated ammonium
hydroxide. Thus the absence of heavy metals was proved. Silver nitrate
was added to another part of the solution. No precipitate was formed. Some
saturated solution of ammonium oxalate was added with a glass rod to a
further part of the solution. A-white precipitate of calcium oxalate was
formed immediately, which disappeared after the addition of diluted sul-
phuric acid but reappeared after inversion of the object slide over a dish with
concentrated ammonium hydroxide. Some solution of barium nitrate was
added to another part of the solution. A white precipitate appeared
immediately, insoluble in nitric acid, formed by barium sulphate. These
tests thus established clearly that the substance of the small acicular
needles occurring not too abundantly on the bare surface of rotten remains
of leaves in the bottom peat is formed by calcium sulphate. Thus
also the earlier microscopic finding was simultaneously confirmed.

But this investigation had shown nothing definite about the main
substance of the white efflorescent crust, which,
under microscopical magnification, did not show any crystal form, and
which covered in a dense layer the lower and lateral sides of the pieces
of bottom peat. It was not possible to separate the efflorescence completely
from its base, for even when wiped off carefully brown particles of the
substratum projecting a little more from the bottom peat were loosened.
The efflorescence forming on the surface of the pieces of bottom peat
was, judging from its position, evidently formed only by substances
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soluble already in cold water (in rain). Thus attention had to be paid
especially to the extract obtained from the superficial bottom peat rich in
efflorescence only by mere cold distilled water. The total
chemical composition of the bottom peat of Pod&brady is well known,
for W. BENADE, then Director of the Institute of Peat Investigation at
Frantiskovy Lazné, had himself carried out its model chemical analysis
in spring 1943. This analysis had mot been published separately, but
F. LENoCH (4) reports it in his discussion with ‘A. MLADEK on the manner
of preparation of mud baths. According to BENADE’S analysis the bottom
peat of Podébrady dried at 1050 C contains in addition to other compounds
also 2.31% Fey03, 3.39% Ca0, 0.69% MgO, 0.52% XK,0, 0.73% Na,0,
and 1.58% S0;. By conversion into metals or ions we get the following
results: 1.62% Fe, 2.42% Ca, 0.42% Mg, 0.43% K, 0.54% Na, and 1.90%
S0,”. But for the chemical investigation of the efflorescence I had to
take into account only that part of the bottom peat which is soluble
already in cold water. Thus it was necessary first to makea qualita-
tive analysis of the aqueous extract. 80 gr. of powdered substance
scraped from the surface of the pieces of bottom peat in places where
there was sufficient white efflorescence was extracted by using a total
of 300 ml. of cold distilled water in several portions. A filtrate only quite
slightly yellowish was obtained, which was evaporated in a platinum dish
to dryness, dried at 1800 C (when gypsum already loses its water of
- crystallization), and weighed. Thus I obtained a total of only 0.59 gr. of
residue coloured brown. To the dried residue was added distilled water and
after fairly long stirring with a glass rod an entirely clear solution was
obtained which was filtered into a 250 ml. graduated flask. No visible
insoluble residue remained, so that the filtration was unnecessary. The
solution was diluted with water up to the graduation mark and the slightly
yellowish brown solution was thoroughly mixed. A qualitative analysis
was made with a small portion of the solution obtained. Before searching
for heavy metals an ashing was carried out by evaporating the solution
finally with concentrated sulphuric acid in order to decompose the humic
matters and other organic compounds so that they could not fix the heavy
metals in complexes stable against the reagents used in the further
analysis.

By the qualitative analysis systematically carried out it was found
that the aqueous extract from the efflorescence obtained in cold water
contains of metals only a great amount of calcium, some magnesium,
a small amount of alkali metals, and traces of manganese (BENADE does
not mention Mn). The iron does not pass into this extract. Of anions
were found mainly only sulphates, whereas chlorides and phosphates
were found only in small guantities.

In the guantitative analysis of the extract obtained by
extraction of the efflorescence with cold water the calcium was determined
after precipitation as calcium oxalate by titration with permanganate.
The magnesium was precipitated in the remaining filtrate as magnesium
ammonium phosphate, which was converted by ignition into magnesium
pyrophosphate and weighed. Sodium and potassium were determined
together polarographically in another portion of the solution by using
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a freshly prepared solution of tetramethyl ammonium hydroxide, to which
was added some pure phosphoric acid (5). The sulphates were determined
by precipitation as barium sulphate. According to calculation the total
amount (0.59 gr.) of solid was found to be: 0.1120 gr. Ca which would
correspond to 0.3804 gr. CaSO,, 0.0120 gr. Mg, Na - K together as much
as corresponds to 0.0110 gr. Na, and 0.3268 gr. SO,”. Thus it is evident
that the extract contains about ten times less magnesium than calcium,
and that it contains still less sodium together with potassium. Thus
calcium sulphate predominates absolutely; of course it has to be
taken into account that it has in water a limited solubility (about 1.6 gr.
in 1 liter of water), which further slightly decreases at a higher
temperature. '

For the sake of completeness the wet residue after extraction with
cold water was submitted immediately to extraction with 100 ml
ofhot water and the solution was evaporated to dryness. The residue
after drying at 1809 C weighed 0.31 gr. and was then again dissolved and
diluted to 250 ml. with distilled water. Iron was not present in the solution.
According to calculation the whole solid residue (0.81 gr.) was found to be:
0.0556 gr. Ca which corresponds to 0.1889 gr. CaS0O,, 0.0056 gr. Mg, and
0.1630 gr. SO,”. Thus calcium again predominates, whereas there is again
ten times less magnesium. The alkali metals were not determined as their
main amount must have passed already into the first extract in view
of the good solubility of all their compounds.

The residue of the substance after extraction with hot water was
further immediately extracted with another 120 ml. of hot water,
and the extract obtained was investigated separately. After evaporation
and drying at 1800 C it gave 0.38 gr. of residue, which was investigated in
the same way as the preceding ones. In this second extract with hot water
were found all in all 0.0698 gr. Ca which corresponds to 0.2369 gr. CaSO,,
0.0060 gr. Mg, and 0.1998 gr. SO,”. It is evident that here the amount of
magnesium as compared with that of the calcium is still smaller.

To the residue after the second extraction with hot water were added
50 ml. of hydrochlorie acid (1:1) and after boiling it was
diluted with water; the main part was filtered and, after diluting with
water up to a volume of 250 ml., it was analysed. In one fifth of the whole
filtrate were found 0.0302 gr. Fe, 0.1240 gr. Ca which corresponds to
0.4212 gr. CaS0y, and 0.0065 gr. Mg. In this extract there is thus already
twenty times less magnesium than calcium, whereas the iron present
in the bottom peat scraped off together with the efflorescence is here
present indubitably as hydroxide, so that it easily dissolves in the acid
solution.

No further extractions were made. As the washing of the insoluble
residue would have been very difficult because of the great amount of
admixed bottom peat attention was paid in the analyses of all extracts
especially only to the mutual ratio of the compounds determined. There-
fore also the weight of the different residues after evaporation is only
of an informative value. From the analyses made it is evident that the
extracted sample of the efflorescence contains mainly only calcium
sulph ate which, because of its limited solubility and considerable
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accumulation, passes constantly into the extracts also when the other
components much more easily soluble in water have already long been
extracted by water.

For the sake of completeness and of current orientation also the
water of the two bottom-peat ponds was examined
chemically for certain compounds by a fairly large number of analyses of
samples taken in the second half of 1949 and in the first half of 1950.
The composition of the two waters did not change much during this time,
and I give here briefly only the results of the analyses of the samples
taken for examination in November 1949,

In one liter of water from the smaller bottom-peat pond
situated near the main road were found 0.1032 gr. Ca, 0.0073 gr. Mg. and
0.1012 gr. SO,”. For the determination of the alkalinity (the temporary
or carbonate hardness) was used for 100 ml. of water 4.1 ml of 0.1 N
hydrochloric acid corresponding to 0.2501 gr. HCO;” in one liter of water
(20.5 degrees of carbonate hardness).

In one liter of water from the lager bottom-peat pond
situated near the Obora were found 0.0942 gr. Ca, 0.0071 gr. Mg, - and
0.0609 gr. SO,”. For 100 ml. of water was consumed 4.5 ml. of 0.1 N hydro-
chloric acid corresponding to 0.2745 gr. HCO3' in 1 liter of water (22.5
degrees of carbonate hardness).

The waters were not examined for other components. The hydrogen
ion concentration of both waters was found pH ="7.5. The waters are not
coloured yellow by the peat, but are colourless and clear when they are
not stirred up by the ducks and geese. From the analyses made it is
evident that the water of both ponds has not only a considerable content
of calcium and sulphates, but also a considerable alkalinity as shown by
its carbonate hardness. (For comparison I may mention in passing that
for 100 ml. of Elbe water taken at the same time below the hydroelectric
works only 2.8 ml. of 0.1 N hydrochloric acid were used, thus corresponding
to only 0.1708 gr. HCOy" in 1 liter (14.0 degrees of carbonate hardness).
When the water of the small pond had been pumped out prior to the
cutting of the bottom peat, a strong current of underground water could
be seen at the bottom; this water possesses already indubitably a consider-
able hardness from the lime marl substratum through which it percolates.

The occurrence of a greater amount of sulphates can of course be
accounted for only by the alteration of pyrite or marcasite present directly
in the lowland moor or perhaps in part also in the deeper layers of the
surrounding Cretaceous formation through which the groundwater
containing traces of oxygen passes. The alkalinity of the bottom peat
binds the sulphuric acid formed by the alteration of pyrite into calcium
sulphate, and the simultaneously formed ferrous sulphate turns into ferric
hydroxide, which is deposited in the bottom peat as limonite. The whole
process of the formation of gypsum and limonite, presupposing
that the acidity has been removed by the calcium carbonate present in
the bottom peat, can be expressed by the following equation:

2 FeS, 4 8 H,0 4 150 - 4 CaCO3 — 2 Fe(OH) 5 - 4 CaS0, - 4 CO,.
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Presupposing that the acidity of the products formed by the altera-
tion of pyrite is removed only by percolating groundwater of a considerable
carbonate hardness, the following reaction applies analogously:

2 FeS, + 150 -+ 4 Ca(HCO3); —=2Fe(OH) 3 4 4 CaS0, -+ 8 CO, - H,0.

The carbon dioxide formed is liberated at the surface of the ground
and escapes into the atmosphere, or it may after the solution has moved
dissolve again the calcium carbonate.

From the above study it is clear that the efflorescences on the low-
land moor at Podébrady are formed by fairly pure crusts of gy psum.
As shown by the detailed investigation of the efflorescence and of that
portion of the bottom peat which is soluble in water no suitable physico-
chemical conditions exist for the formation of mirabilite, which had been
recorded from the lowland moors near Podébrady.

%
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