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K. KOMAREK-K. TUCEK: 

Dva nove nalezy goethitu z melafyru V Podkrkonosi. 
(S chemickym a polarografickym vyzkumem.) 

Two New Finds of Goethite in the Melaphyre of the Piedmont 
Region of the Krkonose. 

(With Chemical and Polarographical Investigation.) 

(Predlozeno 30. XII. 1950.) 

Obecne rozs1renym nerostem v podkrkonosskych melafyrovych 
mandlovcich je jemne paprscite vlaknity go et hi ~t, ktery se zpravidla 
vyskytuje v malem mnozstvi. Je zmim temer ze vsech mandlovcovitych 
facii melafyrovych prikrovu. Vsude ma zretelne dvoji raz vyskytu: bud' 
polokulovite az lebnikovite paprscite vlaknite agregaty nebo zcela jemne 
drobne jehlicky, nekdy seskupene v chvostky, nepravidelne rozptylene 
a uzavrene V krystalech kremene, vypl:iiujiciho castecne nebo uplne 
dutiny mandlovcu. _ 

Goethity z lomu na jz. svahu K o z a k ova, v. od Turnova, i z lomu 
,N a hradku" v Kosove, j z. od Lomnice nad Popelkou, maj i shodny raz 
vyskytu a j sou vzdycky provazeny krystalovanym kremenem a ledvi
nitym haematitem, s nimz j e goethit v uzke parageneticke souvislosti. 

Agregaty k 0 z a k 0 V s k e h 0 goethitu j sou tvoreny az 4 cm 
dlouhY"mi jehlicemi, v jejichz vertikalnim pasmu prevlada (010) a plochy 
prismaticke ustupuji. Jak bylo z nabrusu jasne patrno, prikhidaji se 
jehlice k sobe plochami (010). Naproti tomu u goethitu z Koso v a 
prevladaji plochy hranolove nad !(010). Terminalni plochy nebyly nikde 
zjisteny. z Kosova jsou znamy hojne jehlice uzavrene V krystalech 
kremene, ktere j sou bud' vetsi a pak vice individualisovane, nebo menSi 
a pak seskupeny v jemne chvostky nekolika jehlicek. Vzacne byly zjis
teny pripady, kdy vetsi goethitove jehlice vynikaji ven z ploch krystalu 
kremene a jejich vycnivajici casti jsou silne hydratisovany. 

Svym vznikem nalezi goethit teto paragenese do hydrothermalni 
faze a vznikl jiz pred krystalisaci kremiteho gelu V dutinach. Pozdej si 
spontanni krystalisaci kremene byly goethitove agregaty uvolneny od 
podkladu a nekdy i uplne rozttisteny. 
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Cherilicke · prozkoumani vzorku · goethitu z Kozakova i z Kosova 
provedl jeden z nas (KOMAREK) V chemicke laboratori mineralogickeho 
oddeleni Narodniho musea v Praze. Bylo zjisteno, ze oba analysovane 
vzorky goethitu krome mechanicky p:fimiseneho k:femene jsou znecisteny 
jen velice nepatrnym mnozstvim · vapniku a horciku. Pro zjisteni p:fes·
neho obsahu obou techto kovu byly vypracovany zcela nove kvantitativni 
methody, pouzivajici ke konecnemu stanoveni polar o g r a f u. Prin
cipy techto method jsou strucne popsany. Vedle dosti podrobneho vy
liceni celeho zpusobu chemicke analysy jsou p:fipojeny jako doklad i dva 
polarogramy, ukazujici obsah v·apniku a horciku obou goethitu. Tez 
j e p:filozen mikres j ednoducheho za:fizeni, pouziteho p:fi stanoveni hor
ciku a nutneho pro p:fedbeznou upravu vzorku p:fed vlastnim stanovenim 
polarografickym. 

Vysledky provedenych analys nelze p:fesneji srovnavat s rozbory 
goethitu z druhych nalezisf, nebof analysy jinych autoru udavajf 
mnozstvi vapniku a ho:fciku pfi obsahu ,skoro vzdy j en vyssim nez 
0,1% CaO resp. MgO. Oba zkoumane vzorky p:fedstavuji velice cistou 
hmotu goethitovou, provazenou V patrnej sim mnozstvi j en kyslicnikem 
kremicitym. Ho:fcikem j sou znecisteny pomerne vice nez vapnikem. 
Goethit z Kosova ma obou p:fimisenin podstatne mene nez goethit 
z Kozakova. 

* 
The paragenesis of minerals in the melaphyre sheets of the piedmont 

region of the K r k o n o s e offers a number of interesting minerals 
filling fissures and cavities in the amygdaloidal facies of the rock, in 
which they crystallized from hot minerogenic post-eruptive solutions. 
A universally distributed mineral, though often occurring only in minute 
quantities, is the go et hit e, one of the first minerals to crystallize 
in the form of handsome hemispherical or reniform aggregates composed 
of fine, slim, · radially arranged needles, or it is enclosed in the form 
of minute tufts or isolated tiny needles in crystals of quartz, smoke
quartz or amethys't. Its occurrence in the melaphyres was known already 
in the second half of last century. The first report of it we find in the 
mineralogical topography of V. ZEPHAROVICH (21, pp. 257-258), who 
according to a written communication of M. WEBSKY mentions the find 
of goethite (pyrrhosiderite) in the cavities of amygdaloidal melaphyre 
in the old limonite mine at Sono v, east of Broumov, where it occurred 
in aggregates of the form of kidney ore. The second report on goethite 
from the melaphyre of the piedmont region of the Krkonose was given 
by E. Bo:RrcK¥ i(3, p. 69), twho described similar, radially columnar 
aggregates and needles enclosed in quartz crystals from R up re c h
t i c e (correctly R o p r a c h . t i c e), NW of Jilemnice. From the younger 
melaphyre sheets B. KATZER (14, p. 115) mentions goethite needles 
enclosed in rock crystals from M t. L e v i n, N of . Nova Paka, and 
B. BOBKOVA (1, p. 15) reports a similar occurrence from the neighbour
hood of Z d' a r e k, NW of Hodkovice. From the adjoining part of 
S i 1 e s i a finds of goethite in radial aggregates arid fine needles in 
quartz are known from the amygdaloidal melaphyres of the vicinity 
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of Kladsko and Landshut (today Kamieniog6ry). The 
first report of them was given by A. P. COLEMANN ( 5, pp. 48-49). ~ 
From this it is evident that goethite is distributed through the whole 
complex of melaphyre eruptives of the Upper Paleozoic. It is however 
not restricted only to the piedmont region of the K r k ono se, but 
occurs also elsewhere. This is shown by the records of its occurrence e. g. 
in the melaphyres of the vicinity of Z wick a u in Saxony, whence it 
was recorded already by A. FRENZEL (7, p. 135) and of 0 be r k i r c hen, 
SSV of Idar in the Rhineland, which is its classical locality, for it was 
first described more in detail from here by A. BREITHAUPT ( 4, p. 237) . 

The whole character of the occurrence of go et hit e in mela
phyres is according to observation made up till now, also of new material, 
distinctly twofold. There are the above mentioned hemispherical to 
reniform, radially fibrous aggregates, which are very striking in the 
fissure fillings of the melaphyre, and also quite fine, minute needles, 
sometimes grouped in tufts, irregularly scattered and enclosed in quartz 
crystals. In the amygdaloidal melaphyres of the piedmont region of the 
K r k ono se goethite occurs in both these forms. K. T'UCEK (20, 
pp. 11-13) mentions briefly some new finds of goethite. In addition 
to them were found abundant tufts of needles enclosed in .quartz crystals 
in cavities and fissures of the melaphyre of the area between R v a c o v 
and M o r c i n o v, W and SW of Lomnice nad Popelkou, especially in 
the wooded slopes S of Morcinov. 

Of all the new finds the goethites from the K o z a k o v east of 
Turnov and from K o s o v SW of Lomnice nad Popelkou were chosen for 
more detailed investigation and chemical and polarographical analyses~ 
Both have the same character of occurrence and are always accompanied 
by kidney ore as well as by crystallized quartz. Also in both . cases the 
goethite in the aggregates is bound rather to larger fissures in the 
rock than to amygdaloidal cavities, and is in close paragenetic connection 
with the hematite. Both are further always surrounded paragenetically 
by younger crystallized quartz, whose crystals are often very imper-
fectly developed. · 

G 0 et hit e f r 0 m the K 0 z a k 0 V . 

In an old quarry E of Radostny Mlyn, SW of the summit of the 
K o z a k o v, E of Turnov, the collector J. SOUKUP, of Jicin found in 
May 1913 one of the most beautiful samples known of go.ethite. It is 
formed by unusually rich, radially fibrous aggregates· of needles up to 
4 cm. long, completely overgrown by slightly violet amethyst (inv. 
no. 31.071). These dark brown to blackish brown aggregates have the 
typical silky, here and there even semimetallic lustre and in thin layer s 
their needles are translucent saturated brown or brownish yellow. The 
individual, radial aggregates touch along straight limits, distinctly 
visible and striking to the bare eye. Their contact planes are entirely 
smooth and of a pitchy lustre. Only in some places can we observe a fine 
grooving probably caused by a coarser aggregation of flattened needles 
of goethite. The terminal faces of the needles could not be determined 
anywhere, already because the aggregates are completely surrounded 
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and enclosed by ,quartz. Even a more detailed examination of the ends of 
the needles in quartz crystals did not yield any positive result. It seems 
that in the rapid crystallization of the ·quartz many fine needles projec
ting from the surface of the aggregate were ·destroyed. 

Already with a small magnification we find that the cross sections 
of the needles have the usual contour of goethite in the shape of 
a strongly squeezed hexagon. From this we may conclude that in the 
vertical zone of the crystals the face (010) and prismatic faces pre
dominate. The crystals of goethite have thus their usual character. The 
manner pf aggregation of the individual needles was studied more in 
detail in a thin section from an aggregate, strongly etched with hot 
hydrochloric acid. After etching the crowded cross sections of the needles 
became at once clearly visible in the shape of strongly squeezed hexagons 
of an average size of 0,14 X 0,008 mm. But the broadest of them measure 
as much as 0,28 mm. Thus the thickness and width of the needles are 
accurately determined; compared with their length, 4 cm., their thick
ness and width are very small. The cross section shows that the aggrega
tion of the goethite needles takes place in one direction, and that the 
needles lie against each other with the faces (010). 

In the thin section the contact of the goethite with the crystallized 
quartz can be observed in detail. The limit between the two minerals 
is fairly uneven and both penetrate each other. Tufts of coarse needles 
penetrate the quartz crystals, and fine-grained quartz penetrates the 
goethite aggregates in narrow fissures. We might believe that in the 
aggregate of goethite fine needles and tufts were detached in this 
process and scattered in the crystallizing ·quartz. But such a pheno
menon was never observed. Against it spe~k also the relatively small 
size of the tufts and the fairly clearly visible, independent delimitation 
of the minute needles which are evidently not merely remains of larger, 
destroyed crystals. It seems that we have here another form of the 
goethite, as indicated also by n1.1merous observations of needles and tufts 
of goethite in the quartz. The goethite aggregates have often fine, 
long fissures usually running obliquely to the length of the needles and 
often split along them. These fissures were formed indubitably under 
the influence of the pressure of the mother rock on the filling of the 
cavities. 

The goethite is completely surrounded by coarsely crystallized, 
slightly violettish crystals of .quartz and amethyst. Their individual 
crystals attain a size of up to 2 cm. The amethyst is characterized by the 
usual cloudy and unequal distribution of the colouring, which is saturated 
most at the top of the crystal. The goethite aggregate is not completely 
grown to the wall of the fissure, but is separated from it by a layer, 
112-1 cm. thick, of granular whitish quartz and by a layer, 5 mn1. thick, 
of hematite firmly attached to the substratum. From this phenomenon, 
which was observed also in other samples, it is evident that though in 
the crystallization of the quartz it came partly to the detachment and 
separation of the goethite aggregate from the substratum, yet the 
aggregate itself was not more seriously disturbed, just as in other 
localities . . 
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G o e t h i t e f r o m K o s o v a t L o m n i c e n a d P o p e 1 k o u. 

Of entirely the same character as the preceding one is the goethite 
found 1by J. SouKUP in the now abandoned quarry "Na hradku" at 
Koso v, SW of Lomnice nad Popelkou, where its accompaniment by 
hematite is still more striking, for the two minerals occur here as a rule 
dose beside each other. 

The samples from this locality are always flat fissure fillings; their 
surface is formed by a fine layer of delessite. The fillings are again 
fonned predominantly by quartz in crystals of up to 1 cm., usually well 
delimited, in part transparent, sometimes with a brown or violet tinge. 
In some samples a dihexaedric development could be observed, which is 
rather frequent in this area of amygdaloidal melaphyres, especially 
between M o r c i n o v and R v a c o v. The zonal edges are almost 
always blunted by narrow planes of the unit prism. 

The hematite constantly accompanying the goethite forms aggregates 
of the form of kidney ore, rarely also stalactitic or reniform aggregates 
or minute discs enclosed in quartz crystals. It is fine-grained to massive, 
but here and there it shows fibrosity and in the discs also a spherical 
arrangement. It has a blackish gray colour, when fresh it has a slightly 
submetallic lustre. Its .discs measure on an average 0,22 mm. and are 
rarely formed by crowds of minute tabular crystals of the Elba type. 
Then they form interesting pretty roses. The discs show symptoms of 
superficial hydration. 

The goethite occurs here in the two forms mentioned already from 
the preceding locality. In many samples we see parts of radially fibrous 
aggregates completely enclosed in granular and crystallized quartz, 
elsewhere fine tufts and individual needles enclosed in quartz crystals. 
In general we may say that the occurrence of goethite is here more 
varied than on the K o z a k o v. The radial aggregates are formed of indi
viduals 2-3 cm. long and on an average 0,13 mm. broad, of black 'to 
blackish brown colour with a semimetallic, when fresh submetallic lustre 
and with a typical rust yellow streak. In thin fragments they are trans
lucent from yellow to yellowish brown. The surface of the goethite 
aggregates is rough, the ends of the needles are again partly broken off 
just as in the goethite from the K o z a k o v. In the surrounding quartz 
crystals we see not rarely negative imprints of goethite crystals. 

Morphologically the needles of the Koso v goethite differ from 
those of the Kozakov goethite by their cross sections showing a distinct 
predominance of the prismatic faces above the face i(OlO) in the vertical 
zone. The needles are in this zone strongly combinationally grooved by 
the alternation of faces of different prisms, and thus the cross sections 
of the needles are rounded and have a spindle shape. The face (010) 
narrows in the direction towards the top of the crystal, which proves 
its considerable warping. The terminal faces could not be determined, 
though here and there it was possible to observe indications of imperfect 
·Crystal faces, not further determinable in detail, at the ends of the 
needles. The goethite needles enclosed in quartz crystals are of two 
types: rather large and isolated or minute, which are as a rule again 
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grouped into handsome tufts formed by several individuals. The large 
needles are black with a yellow termination, the minute needles have 
a yellow to yellowish brown colouring and attain an average size of 
0,30 X 0,02 mm. Their scattering in the quartz is quite irregular. Rarely 
also a penetration was observed of the large goethite needles from the 
quartz crystals outwards. The outward projecting end of such a needle 
is always strikingly thickened, which is due to its transformation into 
li.monite. This indicates a rapid hydration of the goethite and an increase 
in circumference of the needle causing the change in its crystal form. 
Elsewhere a goethite needle in quartz . projecting from the crystal was 
in its whole length closely enveloped by minute lens-shaped crystals of 
black hematite of entirely the same character as in the discs and roses 
mentioned above. In this case the goethite is paragenetically an older 
mineral than is the hematite. 

As far as the o r i g i n o f t h e g o e t h i t e in the melaphyres of 
the piedmont region of the Krkonose is concerned it is ,quite incontest
able that it belongs to the hydrothermal stage when it crystallized from 
a relatively cool solution. The tufts of goethite enclosed in quartz crystals 
are given by 0. DOELTER and H. LEITMEIER (6, p. 679) as proof of the 
direct origin of goethite from a solution, i. e. not by the usual crystal
lization from colloidallimonite. 

The question of the origin of the goethite causes the scientists 
similar difficulties as its position as a mineral. The decisive role is played 
here of course by its structure investigated roentgenometrically by J. 
BOHM (2) ; S. GOLDSZTAUB !(9) continued BOHM's investigations and ar
rived at the conclusion that there exists in nature really only one watery 
sequi-oxide of iron, which is represented by two crystal-structural modi
fications: goethite and lepidocrocite. He recommended to designate the 
goethite by the formula FeO . OH. On the other hand H. HIMMEL (10) 
and in accordance with him W. HOPPE (12) recommended the designa
tion a-FeO. OH as being more correct. The most recent investigations 
of goethite and similar minerals by electron microscope were made by 
R. FRICKE, TH. SCHOON and W. SCHRODER i(8). But even after these new, 
very detailed studies uniformity of opinion has not . yet been achieved. 

From the observations made in a great number of samples of goe
thite from the two localities mentioned it is evident that the character 
of the goethite and the form of its occurrence are in both localities roughly 
the same. Here one can agree with the opinion voiced by J. KASPAR (13, 
pp. 103-104) that the goethite (which he includes together with others 
under the designation of limonite) as well as the hematite always ac
companying it are independent components of the fissure fillings of the 
melaphyre are were formed already before the crystallization of the 
silicious gel. He states that the goethite and the hematite are mostly 
formed quite independently of each other, but that they may also be 
formed simultaneously. This view is supported also by all observations 
made in the samples studied. It is also certain that the spontaneous and 
rapid crystallization of the quartz from the gel caused not only a distur
bance of the goethite aggregates but also their detachment from the 
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substratum and even their scattering into separate fragments as seen 
in the material from K o so v (inv. nos. 31.066, 31.067, 31.069, 31.070). 
It is obvious that in this process also part of the needles were separated 
and enclosed in the crystallizing ·quartz. The same applies also to the 
hematite, whose aggregates are affected in the same way. 

As far as the second form of the goethite is concerned, the minute 
tufts of needles enclosed in the quartz, we have to assume that originally 
they crystallized independently at the walls of the fissures of the mela- . 
phyre and were in the crystallization of the ·quartz detached from these 
walls and enclosed in the quartz crystals. 

The investigation made up till now of the goethite from the locali
ties in the melaphyres of the piedmont region of the · K r k o n o s e 
entitles us to the opinion that the whole character of the occurrence, 
the conditions of the origin, and the properties of the goethite are in all 
these localities very similar. 

A chemical analysis of the goethites from the two localities 
n1entioned was made (KoMAREK) in the chemical laboratory of the 
:Mineralogical Department of the National Museum. Previous to the 
making of the chemical analysis proper the density of the goethites 
was accurately established. For this purpose samples which did not 
exteriorly show any admixture of quartz were used in both cases. The 
density was determined by weighing pieces of about 2 g. in the air and 
then, after attaching them to a fine wire, in redistilled water. A correc
tion was used also for the volume of the wire immersed with half its 
length in the water (0,0002 g;). 

After accurately determining the weight of the sample immersed 
in water the piece of mineral examined was in both cases dried roughly 
by placing it on filter paper and then it was heated in an electric heater 
for two hours at: a temperature of 1100 C. Thus the original weight of 
the sample in the air was accurately achieved again. The whole piece 
of the sample was then crushed in a steel percussion mortar, first into 
coarse pieces and then in· small quantities into fine fragments. Finally 
the whole of the sample was pulverized in small quantities in an agate 
mortar most thoroughly. The very fine, brown powder thus obtained 
was mixed most perfectly in order to obtain absolute homogeneity of 
the sample. The pulverization in the agate mortar was carried out most 
thoroughly, as otherwise the mineral would have resisted for an extre
mely long time the effect of acids. By grinding the sample to the finest 
powder much time and acids were saved in the later analysis. At the 
same time also the danger was lowered, in connection with the use of 
a lesser quantity of acids, that impurities, if only quite slight ones, would 
get into the analyzed sample of the minerals, such as may get in a short 
time into redistilled acids in consequence of their contact with the glass 
of the bottles in which the acids are kept. 

In order to determine the volatile components (water) part of the 
powder of the sample was heated in a porcelain crucible in the electric 
heater for about 10 hours at 105-1100 C. In neither of the two samples 
of goethite was the slightest loss in weight ascertained. Only then were 
the san1ples strongly glowed in the electric oven in bright red glow and 
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after cooling in the desiccator the loss in weight was determined by 
weighing, corresponding to the water of the hydrate. As the strongly 
glowed Fe20 3 dissolves in acids only with great difficulty, the glowed 
residue was not used for any further determination. 

It was found by preliminary tests that though the goethite samples 
had been ground to a very fine powder they resisted very strongly the 
action of acids. Though it is reported in the literature (6, p. 675), (11) 
that goethite is dissolved most readily in nitric acid, yet both samples 
resisted very strongly this acid even when it was concentrated and hot. 
Therefore a process was finally worked out as the most suitable method 
of analysis in which the very finely ground goethite is heated in a water
bath with concentrated nitric acid and hydrochloric acid mixed in the 
volume-ratio of 1: 3. The analysis was made in a big quartz crucible 
covered with a lid concave below so that the drops of acid condensed 
on it could fall back to the bottom of the crucible. First it was heated 
only slightly so that both acids could begin to react on each other. Later 
it was heated more strongly, finally also with the lid removed. The 
solution formed of ferric salt was carefully poured off into a quartz dish 
and to the residue of undissolved goethite was added a new dosis of 
acids, and then we proceeded again as described above. 

In the analysis of the goethite acids were used which had been 
prepared immediately before the analysis by distillation from the purest 
commercial concentrated acids labelled "pro analysi". In the whole 
chemical investigation the greatest cleanliness was maintained intentio
nally and most rigorously, of the reagents used as well as of the 
receptacles, and great care was also taken in carrying out the analyses 
as some admixtures (Ca, Mg) had to be accurately determined, and these 
were present in the samples examined only in quite tiny quantities. 

After the complete decomposition of the mineral by acids the 
content of the quartz dish was evaporated in a water-bath as much as 
possible, in order to make possible the most complete exclusion of the 
silicic acid. After adding hot water the solution was filtered and divided 
jnto two parts. After having been evaporated repeatedly with hydro
chloric acid the larger part was completely freed from the rest of nitric 
acid, so that in :our further work platinum ware could be used without 
fear. The smaller part was evaporated repeatedly with concentrated 
nitric acid, and thus completely freed from chlorides, and then used 
for reactions on manganese and phosphoric ~acid. In carrying out the 
systematic process of the qualitative analysis the usual method was 
employed. For the reactions on the different elements and components 
sought as specific reagents as possible were used. In order to economise 
the material examined only microchemical methods were mostly used, 
or at least semimicrochemical. Where I worked with glass ware, J ena 
,glass was used. 

By qualitative an a lysis it was found that in addition to 
water and ferric o,xide both goethite samples contain also a certain 
small quantity of silicon oxide and a very small ~quantity of calcium 
and magnesium. With sulfuretted hydrogen no precipitate formed in the 
hydrochloric solution, acidified according to prescription. Ferric hydro-
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xide precipitated by ammonium hydro.xide was after dissolving in 
hydrochloric acid in a platinum (not in a porcclain!) dish reprecipitated 
by an excess of a strong solution of potassium hydroxide, and then we 
heated again to boiling point. But by further working aluminum was 
not found even in traces. The reactions for phosphoric acid and manga
nese were also negative. The samples did not contain any carbon dioxide, 
which would otherwise have indicated an admixture of siderite. Thus 
the supposition was justified that all iron was present in the analyzed 
material only as trivalent Fern . .and that it would not be necessary to 
establish separately the · share of ferrous oxide, which would have 
entailed a rather laborious process. 

After making the qualitative analysis we proceeded to the quanti
t a t i v e de term in a t ion of the different components. After the 
c01nplete decomposition of the goethite by acids as described above 
silicic acid was excluded by a double evaporation with hydrochloric acid; 
by glowing in a platinum crucible it was transferred to silicon dioxide, 
and its admixture Fe20 3 was determined after evaporation with hydro
fluoric acid and with a few drops of sulphuric acid. The iron was 
determined gravimetrically in ;the usual way. The slightly ammoniacal 
filtrate after the exclusion of iron was evaporated to dryness, and after 
carefully expelling the ammonium salts it 'was worked only in the 
volume of a few cubic centimeters. The calcium was precipitated in the 
usual way as oxalate, the magnesium as magnesium ammonium phos
phate (after SCHMITZ's method). But with calcium and magnesium such 
trifling .amounts of precipitate were obtained even after working about 
1 g. of the sample that by the normal macrochemical manner of analysis 
it was absolutely impossible to arrive at a certain result. As micro
balances were not available in the chemical laboratory of the National 
Museum .and as also the use of BANG's microburet was not satifactory 
for such small quantities of substances as it proved not sufficiently 
.accurate, other, highly sensitive methods were tried. Therefore attention 
was turned to the use of the p o la r o g rap h, though just for the 
determination of calcium and magnesium suitable polarographical 
methods had not yet been elaborated. Thus it was necessary to use for 
the polarographical determination of calcium .as well as of magnesium 
entirely new working methods, which will be described in detail else
where (15), (16), and which were elaborated specifically for the given 
purpose. In the present article the main principle of the two methods 
is given only quite briefly, in view of the fact that it will be possible 
to use them successfully also for the analysis of other minerals for the 
very accurate determination of trifling amounts of calcium or 
magnesium. 

For the purpose of the ·quantitative estimation of c a l c i u m the 
calcium oxalate was precipitated from the solution of a volume of only 
a few cubic centimeters, separated by means of a centrifuge from the 
remaining solution which still contained magnesium. The clear, slightly 
ammoniacal solution with magnesiu1n salt and with the excess of 
ammonium oxalate was sucked off from the centrifugal cone by a pipette 
lengthened into a long thin point. The remaining calcium oxalate was 
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· dispersed in about 0,1 ml. of a weak solution of ammonium oxalate and 
again centrifuged. This was repeated still once more. Then the clear 
calcium oxalate, which had accumulated in the point of the conical test 
tube, was dissolved in 50% nitric acid; the · resulting solution was 
quantitatively transferred by pipette into a crucible, in which it was then 
evaporated and the residue glowed. After dissolving the glowed residue 
in a drop of very diluted nitric acid all calcium was excluded by a watery 
solution of iodic acid and an excess of 87% ethanol, in the form of 
iodate. This method will be described in detail in a technical chemical 
paper (15). After centrifugation and washing of the precipitate with 
87% ethanol the Ca(J03 )

1
2 thus isolated was dissolved in water, 

transferred into .a 10 ml. graduated flask; 1 ml. m/10 KCl was added 
as inert electrolyte, and after mixing the neutral solution thus formed 
was subjected to polarographical electrolysis. The wave height, caused 
by the reduction of JO' 3 , was compared with the wave height of the 
solution m/10.000 JO' 3 , which therefore contains in 10 ml. 17 4 !l,g JO' 3 • 

One Ca-atom corresponds here to 2 JO' 3 • The polarographical wave of 
JO' 3 is six times higher than would correspond to the equivalent amount 
of the divalent cation ,(Ca) ; it is favourably shifted into the region of 
medium reduction potentials, and it is very well drawn. Thus we achieve 
not only a great ~ensitivity but also great accuracy. For preparing 
m/10.000 JO' 3 a neutral solution of KJ03 was used to which was added 
KCl to the same concentration as the one realized in the solutions 
Ca(J03 ) 2 tested. To the calculation of the amount of calcium applies 
that the wave height of the solution .m/10.000 J0'3 (= 174 p.g J0'3 in 
10 ml.) corresponds to a concentration of 20 !!lg of Cain 10 ml. In exclu
ding the calcium as iodate one has to be careful that oversaturated 
solutions are .not formed (15). 

For the quantitative estimation of the m a g ne si u m the filtrate 
was after precipitating the calcium oxalate combined with wash liquids, 
evaporated to dryness, freed by · glowing of a great excess of ammonium 
salts, .and after dissolving in a few drops of diluted hydrochloric acid 
all magnesium was excluded as magnesium .ammonium phosphate in 
the usual way (19). After centrifugation the precipitate of magnesium 
ammonium phosphate was dispersed in 0,1 ml. of distilled water and 
again centrifuged. frhis was repeated once more. As a greater quantity 
of water used for washing would mean a loss of precipitate owing to 
the perceptible solubility of the precipitate in pure water, the ammonia 
had to be removed at least from the whole upper and middle parts of 
the centrifugal cone in another way. Here a simple apparatus described 
elsewhere in an account of the new methods was used with good results 
already after the first centrifugation (17). This apparatus was used 
already when washing the upper and middle parts of the centrifugal 
cone when isolating Ca (J03 ) 2 in order to save ethanol and to reduce the 
danger of a loss of precipitate. 

The pure precipitate of magnesium ammonium phosphate accumu
lated in the point of the centrifugal test tube was dispersed with a very 
thin glass rod in 0,1 ml. of water, and then it was neutralized with 
about m/100 HJ03 (an accurate concentration is not at all required) 
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by using a simple capillar pipette with so thin an outflow as to make 
the solution of iodic acid run out from it only when the point is immersed 
below the level of the liquid. This apparatus, figured in the diagram 
fig. 1, was recently described separately in the chemical press (18) . 

. . 
:: 

6 

c 

1 

. . . . .. 

a 

Fig. 1: Arrangement for the neutralization of magnesium ammonium phosphate 
with a solution of iodic acid by using a pipette with capillary outflow after 
K. Komarek (211 scale). 

The solution in the course of neutralization is mixed by an air 
current pressed out by water from a large bottle (wash bottle). As soon 
as the precipitate begins to disappear, and the solution clears up 
distinctly, the smallest possible necessary quantity of solution of me1t.hyl 
orange is added, and the capillar end of the pipette is immersed in the 
solution with short intervals until the already slight yellow coloration 
of the solution turns into a distinctly orange red coloration. Then the 
solution is transferred quantitatively into a 10 ml. graduated flask, KCI 
is added, and then one proceeds as with the solution of Ca (J03 ) 2 • The 
neutralization is expressed by the equation: 

MgNH4P04 + 2 HJ03 = Mg(J03 ) 2 + NH4H 2P04 • 
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From this it follows that one Mg-atom corresponds to two molecules of 
HJ03 or to 2 JO' 3 • Therefore here the polarographical wave height 
obtained is again six times greater than the one corresponding to the 
reduction of the equivalent amount of divalent cation to metal. The wave 
height of m/10.000 JO' 3 (= 175 p.g JO' 3 in 10 ml.) corresponds to a con
centration of 12,16 pg Mg in 10 ml. The method is very accurate, and 
the colour change in the neutral point can be ascertained very sharply, 
for owing to a fairly strong solution of acid being used it does not come to 
any n10re perceptible dilution, in contradistinction to microtitration with 
very much diluted acids. This new polarographical determination of 
magnesium was described in detail in a separate chemical article (16). 

The following results were obtained by the above investigation and 
by the polarographical methods mentioned: 

Density 

Si02 
Fe203 
H 20 
CaO 
M gO 

Goethite from the Kozakov: 
(Invent. no. 31.071) 

4,164 

1,79% 
87,92% 
10,17% 

0,017% 
0,057% 

99,95 

Goethi te from Kosov: 
(Invent. no. 31.063) 

4,215 

1,22% 
88,60% 
10,03% 

0,004% 
0,008% 

99,86 

As illustration of the polarographical investigation are given here 
two polarograms showing clearly the waves of reduction of JO' 3 , whose 

~ l 

Fig. 2: Calcium content of the goethites expressed in curves of reduction of lOa'. 

height is proportionate to the amount of calcium and magnesium present. 
in comparison with the standard solution of m/10.000 JO' 3 (with 
a content of KCl) corresponding to a concentration of 20 Jlg of Ca in 
10 ml. The solutions investigated were finally diluted to a volume of 
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Fig. 3: Magnesium content of the goethites expressed in curves of reduction of 103'. 

10 ml or 5 ml (Kozakov- Mg). In the polarographical analysis of the~ 
goethite from the Kozakov were used for the determination of the 
calcium 0,8110 g. of the mineral ~nd for the determination of the 
magnesium only 0,0811 g. In the analysis of the goethite from Kosov 
were used for the determination of the calcium and magnesium 0,9537 g. 
of the mineral. The sensitivity of the galvanometer used in the different 
determinations is given in the polarogr.ams at the corresponding curves .. 
All solutions were alkalized. 

From the results given it can be seen that both samples of goethite 
represent minerals which in addition to Si02 do not contain any other 
admixtures in more perceptible quantities. The silicon dioxide appears 
to be present in them directly as quartz, disseminated mechanically, 
even though this admixture is not outwardly visible, so that pieces of 
the analyzed samples had the appearance of completely pure goethite. 
As the presence of a perceptible amount of Si02 distorts considerably 
the representation in per cent. of the main components (Fe20 3 and H 20), 
so that neither their amounts nor even the density of the two samples 
can be legitimately compared with the ideal values which theoretically 
apply to entirely pure goethite, the results obtained were recalculated 
for the two mineral samples without the quartz content. This was done 
on the supposition that the silicon is not present in the samples 
investigated as silicate, but only as pure ~quartz. The admixture of 
calcium and magnesium is so trifling that it does not enter here at all 
into consideration. The amount of quartz present in the two samples 
was calculated from their contents in silicon dioxide. After making the 
correction we found for the density of the substance proper of ferric 
hydroxide in the sample from the Kozakov the value 4,21, for the 
goethite from Kosov 4,27, therefore in both cases lower values than 
given in the literature for pure goethite ( 4,28). 
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Fe20 3 
H 20 

Goethite from the Kozakov: 

89,65% 
10,35% 

100,00 

Goethi te from Kosov: 

89,83% 
10,17% 

100,00 

Pure goethite corresponding to the formula FeO . OH has the com
position: 

89,86% Fe20 3 
10,14% H 20 

100,00 

(In the encyclopaedia of Doelter-Leitmeier (6; p. 674) is by mistake 
· given the erroneous composition: 89,89% Fe20 3 and 11,11% H 20.) 

Fr.bm this it can be .seen that the goethite from the Kozakov 
contains distinctly more water than the theory demands for pure 
goethite. The goethite of Kosov approaches more closely the ideal 
composition, and it has also less admixtures. But in both cases we have 
very pure kinds of goethite, which indubitably were not formed by 
metamorphism from other kinds of minerals, e. g. from limonite, but 
were formed directly by crystallization in the cavities of the quartz. 

In comparing the analyses of the two goethites here described with 
the analyses of goethites from other localities the main difficulty is 
that in the past the authors of analyses hardly ever gave the amount 
of calcium . or magnesium when their oxides were less than 0,1%. Thu$ 
f. inst. in Doelter-Leitmeier's encyclopedia (I. c.) only two out of fifty:.. 
five analyses indicate an amount of CaO of less than 0,1 %, and the 
amount of MgO is given only in one analysis (analyzed by E. Posnjak 
and H. E. Merwin). Generally the two elements are not even listed in 
the tables of the analyses. This can be accounted for by the lack of 
suitable quantitative methods for the estimation of small amounts of 
calcium or magnesium. In the international mineralogical literature ,of 
the last twenty years no more detailed analyses of goethites are un
fortunately given, so that a comparison of results is not possible; such 
comparisons would be desirable especially in cases of goethites fron1 
melaphyres or similar localities. 
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The Plate: Radially fibrous aggregates of goethite from the Kozakov east of 
Turnov. (Collection of the Mineralogical Department of the National Museum, 
Prague, inv. no. 31.071. Enlarged by one third. Phot. Dr. A . Pilat.) 

Detail of the same specimen. (2 X nat. size. Phot. Dr. A. Pilat.) 
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