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Study on some secondary uranium minerals.

(Etudes sur quelques minéraus secondaires de Uuranium.) -
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The decomposition-products of the primary uranium ores,
usually of the uraninite, are very numerous; as they have beautiful
colours, they arose the interest of mineralogists in the beginning
of the past century. The reports, however, are very incomplete due
to many factors which make an exact study of these products very
difficult. Among these the most important ones are: The mentioned
secondary minerals are relatively scarce; they are mixed with
other secondary minerals, e. g. sulphates with gypsum, carbonates
and silicates with calcite, wherefore mechanical separation of the
pure material was necessarily hindered. Another one, which to-day
has to be considered in particular in evaluating the old analyses is
the imperfect analytical method used more than fifty years ageo,
usually an insufficient deseription of the analytical procedure,
finally the apparent fact that the amalyst could not distinguish bet-
ween a homogeneous substance and a mixture of various minerals.
These facts are of the greatest importance for the study and revision
of the secondary uranium-minerals as even to-day, where some
milligrams of the substance are sufficient for a complete quanti-
tative analysis, due to them often a definite examination becomes
impossible. For these reasons as well as many other less important
ones, still at the present time the orientation in the extended group
of the secondary uranium minerals is insufficient, which is de-
monstrated by the fact that the same species of mineral has several
synonymes and that some different species are found in the col-
lections under the same name.

Many very keen observations of mineralogists, published in
easily accessible papers, were neglected, new names were formed
abundantly or two or more different species were united under one
name. Only new analyses and extensive comparative studies could
therefore lead out of this chaos of various names.
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The research of all the minerals belonging to this work re-
quires, however, much time, especially if it is desired to prove them
by as many new analyses as possible. Therefore T am dividing the
whole study into several parts, the first of which is published in
the present paper and deals with the secondary sulphates and sili-
cates, which 1 was able to study more completely. Tiven so, there
remain of course many problems for further studies.

Before this work was started, my teacher Dr F. Sravix, pro-
fessor at the Chailes IV.-University, Prague, was asked by Pro-
fessor Cu. PaLacue of Harvard University, Cambridge, Mass., if
he could have an analysis made in his laboratory of johannite,
a rare hydrous uranium-copper sulphate from Jachymov, or at least
send a suitable material for analysis so that the accurate study of
M. A. Pracock (46) eould be completed. I was appointed by Pro-
fessor Sravik to perform the analysis. 1 beg to express my
heartiest thanks for his numerous adviees, his great interest and
for his help in procuring the necessary material for research and
comparison and in obtaining the literature-references.

In studying the papers concerning johannite and the adjoining
minerals the incompleteness of our knowledge about all the groups
of the secondary uranium sulphates became apparent. This was
why I began to study this group as well as the silicates of the
uranctile group in particular and I reached results given in the
present paper. I again emphazize that there remains very much for
the definite solution of these problems even in this limited section.

I have the pleasure to express my gratitude to the Ministry
of Publiec Works (VII Section), especially to Ing. K. Staucs,
General Director, and to Ing. B. HeverocH, to Ing. Ep. SMrEka,
Director of mines in Jachymov, to Ing. V. KovAig, Chief Engineer
of the mine »Svornost« in Jachymov and to Ing. A. DANIHELKA,
Director of mines in Pribram for lending ev. granting of the
necessary material. — 1 was able to study the material of the
collections in the high schools as well as in the museums by the
kindness of the directors: Dr. L. SravikovA (Ndrodni Museum,
Prague), Prof. F. Stavik (Charles 1V.-University, Prague), Prof.
V. Rosick¥ (Masaryk University, Brno), Prof. M. Starx (German
University, Prague), Prof. B. Jeiex (High School of Mining, Pii-
bram), Dr. Zp. JaroS (Zemské Museum, Brno) and further my
thanks are due to the Convent in Tepld near Maridnské Lazné,
especially to Provisor L. MorLACEK. The material of the collections
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of the Naturhistorisches Museum and the University in Vienna
was at my disposal through the kindness of Directors Prof. H.
Micger and Prof. E. Drrrier; for valuable reports and material
for comparison I am indebted to Prof. H. BurrcEnBacu (Univer-
sity in Liége, Belgium), to Prof. A. Scuoep (University Gent,
Belgium), Prof. Ca. PaLacHE and Prof. E. S. Larsex (Harvard
University, Cambridge, Mass.), further to Mr. W. F. Fosnag, U. S.
National Museum, Washington D. (., to Prof. H. von PriLirsBorN,
Director of the Mineralogical Institute of the Academy of Mining,
Freiberg (Saxony) and to the Director of mines Focke in Schnee-
berg (Saxony). For the great interest and many advices I wish to
thank cordially Prof. J. Krarocuvir, Director of the Petro-
graphical Institute of Charles I'V. University, Prague, my friend
Prof. F. ULricn, who is carrying out the X-ray examinations of
the described minerals with Mr. Z. TrousiL. I was much aided in
my chemical work by Dr. V. Veser¥, Chief-chemist of the State
Geological] Survey and by Dr. F. Hecur from the University in
Vienna.

Analytical procedure.

As was mentioned above, the greatest difficulty in examining
the secondary uranium minerals is caused by the small quantity of
material which is available, being furthermore usually impure.
Single pure components can be separated only mechanically. by
means of election under the magnifying glass or under the micro-
scope, as the considerable solubility of all these minerals in dilute
acids, in many cases even in water, makes a removal of the im-
purities by dissolving impossible. One cannot separate these
minerals by heavy liquids because the water in the secondary ura-
nium minerals is bound similarly as in the zeolites, the content of it
being easily variable; it could even be exchanged eventually — as
in the zeolites — by another liquid or by a gas.

For a quantitative analysis of such small quantities of the
pure material as are available, a special microchemical method has
been worked out by Hecur (17, 18, 19, 20), which was mostly used
in this work. Sometimes instructions as given by Scmoep (64),
Huerer (27), Scuwarz-BeErckamMpF (67), and GorbscHmipt (14)
as well as by general textbooks of microchemistry (Emrcm 10)
or by the papers of BEnEpeTTI-P1cHLER were followed. v

The water in the sulphates as well as in the silicates was de-
termined by heating the sample slowly in a small bottle (1 ce) with
ground - in_stopper up to 250—280° C (the silicates still higher).
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That no comsiderable quantity of SO, does volatilize was proved
by the analysis of a dried sample which contained nearly as much
S0, as the undried substance (the content of water being sub-
tracted). 1 did not attempt to construet a dehydratation-curve,
having only very small quantities at my disposal, but I intend to
obtain one with some of the sulphates. — Usually about 4—12 mgs
of the sample were taken; aceording to the supply of the material
1—3 analyses were carried out. Where it was possible, SO, was
determined separately. In the sulphates, the copper was determined
at first by microelectrolysis (lead was also determined in this way,
but the results were always checked by a determination as PbSO,).
Iron was separated from uranium by precipitating with ammonia
after adding hydroxylamine-hydrochloride (Hecat 17, 18, 19); in
a few cases, where the quantity of the material was very small,
I was satisfied by the qualitative test, showing that only traces of
iron were present. This precipitation of iron was made twice in
a porcelain crucible, filtered by a porcelain filterstick (Berlin),
ignited and weighed as Fe,0,. After the decomposition of the
hydroxylamine-hydrochloride, the uranium was determined by
precipitation with 8-hydroxyquinoline according to Hecat (17, 18,
19, 20). In order to compare the results, the uranium was preci-
pitated in a porcelain crucible sometimes as ammoniumuranate,
ignited, and weighed as U 0y (Scmoer 64), but the results were
not so good, because the precipitation was incomplete though a
great excess of ammonium nitrate was used and the ammonia was
free from CO,. The uranium oxine was precipitated in a Jena
micro-filterbeaker (Scuwarz-BErgkampr 68), as well as the CaO,
which was precipitated by the ammonium oxalate, dried at 110° C,
and weighed as CaC,0, . H,0. The new method of the determination
of Ca as Ca-pikrolate according to Dworzak and ReicH-RoHRWIG,
recommended by HEecuT, was not applied for some technical diffi-
culties and will be tested later. Magnesia was found only in traces.
SO, was determined by the usual method, precipitating with BaCl,;
the presence of As was investigated by the method of SANGER-BLACK
(TreapwELL 73). For the determination of silica the method of
Scuwarz-BerckaMPF (67) was used, which proved to be very
good') being connected with the separation of SiO, by HNO; and
H,0, according to Gorpscamipr (14). It gives better results than

1) The normal macrochemical determination of Si0: in the natro-
lithe from Vraho#ily (Bohemia) made with 1 g of substance showed
46'69% Si0:, compared with a microchemical determination of the same
sample, where 12 mgs were taken, which shows 46:34%. SiOa.
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double evaporation with HCI and filtration with a platinum filter-
stick. The residue in the platinum cruecible, after SiF, was volatili-
zed, was usually very small and, as the iron was found in the analysed
silicates only in traces, was added as U,0; to uranium. Platinum
crucibles of a capaecity from 1 to 8 ces were most advantageous;
the filtering was done by a normal glass filterstick according to
EwmrcH, into which was packed a tightly rolled piece of quantltatlve
filterpaper as described by Scuwarz-Bercrampr (67).

In most cases it was necessary to limit the physical research
to the optical characteristics. I was able to study erystallographi-
cally merely the uranotile of Jachymov, which is different
from the material studied by Scuraur (65) and Pyarnickiy (Pyar-
NiTzky 48, 49), and which I want to call f-uranotile for the
present. The above mentioned sulphates, excepting the johan-
nite, described in detail recently by JeZex (28) and by Pracock
(46), are not suitable for exact crystallographical observation. The
optical research is limited to the determination of the refractive
indices (by immersion), of the optical orientation and the pleo-
chroism. Density determinations of the powdery and fine hairy
minerals are very inaccurate, especially when very small quantities
of substances are available. Some very interesting phenomena of
Juminescence could be observed in the ultraviolet light of the Hg
quartz lamp (Herateus), which allowed to distinguish, at least in
some cases, minerals which were very similar macroseopically. So
far only some sulphates (zippeite, uranopilite) were examined with
X rays by Urrica and TrousiL, who employed the method of
DeBveE-ScrHERRER-HULL, but until now the results were not very
satisfactory. The structural examination of uranotile and
puranotile has to be postponed until sufficient and suitable
material is available, though this examination is very desirable
in order to decide whether there are two modifications of one
compound.

The I'aledCtIVIty was tested many times, even of the secon-
dary uranium minerals (Barper 1, KorLseck-Unrica 36 ete.), and
frequently a very strong activity could be found. I did not repeat
these experiments as they are of no special significance for our
purpose.

According to quotations from the literature gathered up to
now in the mineralogical textbooks (Hintze 23, DorLTER 9, DANA 6,
Dana-Forp 7, N1goLI-FAEsy 44), next to the well defined aqueous
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copper-uranium sulphate, i. e. the johannite, another, very
closely related mineral, called gilpinite is described and further
some basic uranium sulphates, containing usually copper or caleium
(voglianite, uranochalecite = Urangriin, medji-
dite, zippeite, uranopilite, uraconite); the last three
are united under one name Uranoker. Frequently we find
(especially in the German textbooks) the names Uranvitriol,
Basisches Uransulphat, Uranbliithe, ete. I propose to
treat these minerals, as far as it is possible to identify them, later
on; here I wish to mention only that many analyses, especially
those of Linxpacker in VoeL’s monography on Jéachymov (75),
were certainly carried out with impure materials. LINDACKER
divides almost all species into a variety with Ca and variety with
Cu, though these accessories are not in a stoechiometric relation to
the other components. Neither did I find such a high amount of
water (over 209%) nor such a low one (5%) as LINDACKER, with
any of the secondary sulphates, using either old specimens from
the collections or the fresh material from the mines. These facts
make the identification very difficult, especially when much of the
material, the so-called original, has proved to be quite another than
1t was labeled.

Johannite.

As was mentioned in the introduction of this paper, the first
impulse to the studies of the secondary uranium minerals was given
by the question of Prof. PaLacur requiring the analysis of johan-
nite for the work of Peacock (46), which appeared during the
printing of the present paper. Therefore I shall give only a short
review of the researches on johannite and the discussion about
its chemical composition. The first two quotations of Joun (31)
from the year 1821 tell us about the chemical composition of the
Johannite (called by John »Uranvitriolg,»Natiirliches
schwefelsaures Uranoxydul«). Harpinger (15) in 1830
carried out the morphological examination, determined further
the presence of copper in this mineral and called it johannite.
Jonn (30) returned in 1845 to the same problem with a notice con-
cerning the oecurrence, LiNxpacker in Vocr’'s monography (75)
published the first two quantitative analyses of this rare mineral
from Jachymov, and Frenxzer (12) gave Johanngeorgenstadt in
Saxony as its locality. After a longer interval — omitting the
researches on its radioactivity — the johannite was thoroughly
studied in 1915 by JrZex (28), of course only from the crystallo-
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graphical and physical point. As for the chemical composition, he
assumed the old analvses of Liinpacker and gave a formula, not
corresponding to the proportions of valency. Soon after, LArsen
and Brown (41) deseribed the gilpinite from Colorado with
a chemical quantitative analysis, carried out with very impure
material and disagrecing with Linpacker’s analyses. On the basis
of erystallographical measurements, Larsex and Berevax (39) de-
clared in 1926 gilpinite as identical with johannite and
state only that the analyses did not agree with those of LLINDACKER.
Finally the study of Peacock (46) explained many of the morpho-
logical problems as well as the chemical composition.

I have carried out the analysis of johannite from Jachy-
mov, which is quoted in Peacock’s paper. This was done with the
material from the collections of Narodni Museum, Prague, Nrs.
4888 and 4889; 7, 9 and. 11 mgs of the substance were taken with
the following results:

%

CuO . . . . . . 807 1015 =1 X 1015
PO . . . . . . 000
Uvo: . . . . . . 61'}4 9143 = 2 X 1071
FeO + FeOs . -
SOs . . . . . . 16359 2072 = 2 X 1036
HO . . . . . . 1384 7682 = 7 X 1097 (8 <X 960)
Ca0, MgO . . . —

99-84

The analysis gives the formuia Cu0.2UOQO,.28S0,.7H,0,
which corresponds to 8,48% CuO, 61,01% UO,, 17,01% SO, and
13,44% H,0. The analysis differs much from both analyses of
Linpacker (see T, IT. of Table 1.) as well as from the analysis of
gilpinite (JIT) and its evaluation (1V.), quoted by Tiarsex
and Browx (40) and interpreted for the formula of gilpinite
RO .UO0,.80,.4H,0 (R = Cu, Pb, Fe, Na,, K,).

It seems impossible to suppose, that in the so-called gil-
pinite the alkalies, copper, iron, and lead can substitute each
other isomorphically, but it seems necessary to eliminate a con-
siderable part of these compounds with the gangue and a part of
the water. Perhaps copper can be substituted only by iron, of
course not by the total quantity (3,84%) mentioned in the analysis.
As according to l.arseN and Brown (41), the gilpinite was
dissolved in dilute HCI and the gangue fermed nearly 20%, it is
probable that the iron was chiefly extracted from it and that
similarly the alkalies and eventually lead do not belong to the
gilpinite, but to the accessory mechanical impurities.
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I realize that it is a difficult task to evaluate the analysis
with a good conscience, but it is unavoidable to try it if not another
better analysis is available. Therefore in column V, of Table 1. the
evaluated analysis of the gilpinite is given in which not only
the gangue and the same quantity of water is subtracted as has been
done by Larsen and BrownN (in order not to complicate matters),
but also all the alkalies, lead, and 2%/, of the iron. Although there
is no proper basis for this caleulation, especially concerning the
iron, one must admit, that it has certain merits, as the percentage
proportions found are very near to my analysis and thus to the
theory.

Table 1.

T IT. I11. IV. V.

% % % % %
TOs . . . . . 6763 67-817%) 4567 5672 6075
CtO . . ... 610 588 467 380 621
FeO . . . . . 023 17 . 84 477 1706
PO ... .. — — 0-67 082 —
Ko ..... — — 0-56 0:70 —
Na:0O . .. .. -— — 155 193 —
S0s e .. 2024 1979 12:44 1545 1655
HO+ . . . . A 10-08 1215 Y
H.O — L. J> 562 }> 556 1-50 1-66 )> 1479
gangue . . . . — — 19-64 — —

99-82 99-21 100-62 10000 100-00

Uranochalcite (Urangriin) and Voglianite.

The first thorough descriptions of these minerals with the
quantitative analyses are given in the book of Vocer (75). The
uranochalcite, also called Urangriin is mentioned by
Brerruavuer (4),%) Ziepe (87)%) and more precisely in the above
hook of Vocr. Hermann (21) describes under the name uram o-
chaleit (resp. uranocalcit) something quite different which

?) given as »Uranoxidoxidule, i. e. UsOs,

%) p. 178: »Uranochalzit. Schimmernd. Gras- bis apfelgriin. Strich
apielgriin. Uiberzug aus zarten bis haarférmigen asern zusammenge-
setzt, die jedoch mit einander verwachsen sind, in mierenformige Ge-
stalten iibergehend. Hirte 3—3%. Besteht aus basisch schwefelsaurem
Uran- und Kupferoxyd mit etwas Wasser... Ist jedoch mit dem Uran-
vitriol nicht zu verwechseln.. .«

% »... findet sich als kleinmierenférmiger mitunter zart sammtartig
drusiger Uberzug von licht grasgritmer ins Apfelgriine iibergehender
Farbe.. .«



Study on some secondary uranium minerals. 9

will be treated more in detail in the chapter on silicates. Next to
Jachymov is mentioned :Annaberg (Saxony) as the locality of the
uranochaleite (I'rRenzeL 12). There are only two analyses by
Linpacker (VoL 75) — see Table 2. (I, IL.) — together with two
analyses of a mineral (III., IV.) called voglianite by Daxa
(6, edit. 1868) and described by VocL (75) as»Basisch-schwe-
felsaures Uranoxidoxidul«. VocL distinguishes two
varieties of this mineral, one containing Ca, the other containing Cu.

Table 2

L II. IIT. IV.

% % % %
Us0s . . . . 362 3608 7950 79-691
CuO ... . 661 650 — 2943
CaO . . . . 1013 10-08 1-66 0-048
FeO . . . . 012 r16 0-12 0362
SO0s .. . . 1988 20118 12-34 12:125
H20 .. 2109 2724 549 5253

100-03 100-24 9911 99-722

Vocr (75, p. 119) describes the uranochalcite in similar
words as ZippE; the voglianite according to the author forms
botryoidal and spheroidal aggregates of various green tints and
occurs rarely together with the johannite which it resembles
in shape. Both varieties (the one with Ca and the one with Cu)
differ from each other by a gradation in tint.%)

In all of the collections of Prague I found only one sample
of the uranochaleite from Jachymov, which was unsuitable
for an accurate analysis (collections of the Charles IV. University,
No. 2624), while no voglianite at all could be found. Therefore
I had to borrow the material from the collections of the Natur-
historisches Museum and the University in Vienna, from the col-
lections of the Academy of Mines in Freiberg (Saxony) or those
of the Convent Tepla.

All specimens designated as uranochaleite or Uran-
g riinand the only specimen of »voglianite« from the Museum
in Vienna (No. G 7257) proved upon further examination by no
means to be sulphates but in the most part silicates of the uran o-
tile-group,i.e.the cuprosklodowskite, described recently

5) »... sich die kalkhiltige Verbindung durch eine pistaziengriine,
die kupferoxidhiltige aber durch eine gras- bis spangriine Farbe aus-
zeichnet.«
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by Vaes (74). This mineral shall be treated in the second part of
this paper (p. 28). The uranochalecite from Johanngeorgen-
stadt in Saxony, examined by Larsen (37, p. 149 and 220), see also
Larsen-Berman (38), p. 119, kept in U. S. Nat. Museum in
Washington (No. 85178) corresponds by its optical and chemical
properties also the cuprosklodowskite (see p. 29). One
of the specimens from Jachymov (Museum Vienna No. H 401,
XXIT, 1900), signed »Urangriing was a phosphate from the
uranium-mica group. The »Uranochaleite« from the col-
lections of the Directory of Mines in Pfibram, found on the heap
of the mine »Jansky« (No. 862) contains nearly 50% CuQO, no
uranium; it belongs probably to the langite-herrengrun-
dite group.

The problem of the existence of the uranochalecite and
voglianite therefore had to be left unsolved. Perhaps it will
be possible to locate in a collection the material corresponding to
VocL’s description of these minerals so that the revision of the
old chemical analyses can be carried out. .

The medjidite (described originally by Smita 70) could
not be obtained for the investigation; however, T shall publish, if
possible, the results of the revision later on. According to TETZNER-
Epermaxy (71) the same was found in Seiffen (Schwarzwasser-
tal) ; one of these specimens is kept in Dresden (Zwinger). TerzNER-
Epermann ascribe their locality erroneously to Saxony, but it is
really on the territory of the (“zechoslovak Republic.

Uranopilite.

The most frequent decomposition-products of the uranium
ores are the yellow aqueous and basic uranium sulphates, generally
called uranium ocker, sometimes also uraconite (uraco-
nise) or zippeite. Though long ago there were two species
known to be very different, 1. e. the uranopilite and zippe-
ite, usually we find the inaccurate name »ocker« ete. or both
names mixed up. The chief cause of errors is the lack of exact
optical data, made on the analysed material. T have carried out ten
analyses of the yellow secondary uranium. sulphates and determined
the optical properties of all. T found that six of them correspond
fully to the uranium ocker from Johanngeorgenstadt, described by
WEeisBace (84), who called it uranopilite, using two analyses
of N. Scruurze. This is identical with the mineral from Jachymov,
analysed in 1854 and called »Basisches Uransulphat« by
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DauBer (S). TEtzNER-EDELMANN (71) mention the uranopilite
from Seifen from the mine »Glick mit Freude« near Jachymov,
{rom where the material of Sravix (69), which was a little different
optically, was taken. It is possible that there belongs the fibrous
urantum-ocker from P¥ibram, mentioned by Reuss (53). In Table 3.
the former analyses of uranopilite are repeated: 1. and II.
are the analyses of the specimens from Johanngeorgenstadt, analy-
sed by Scuurze (Weissacu 84), 1II. »Basisches Uransul-
phat« from Jachymov, analysed and described by Datlker (8):

Table 3.
I. 1I. TILs)
% % %

CaO 208 1-96 —
SO:; 3‘18 4‘56 4‘0
H:0 16:59 1469 14-3

" residue 0-39 1-33 —
99-41 100-60 98-2

My analyses of the uranopilites, given in table 4. (the
description of them will be given later on) were carried out on
material from the following localities:

I. St. Just, Cornwall, collections of Narodni Museum, Prague,
No. 17.363.

I1. Johanngeorgenstadt, Saxony, Naturhist. Mus. Vienna,
No. Aa 3247 (labeled »Uranbliithe«).

ITI. Pribram, Bohemia, mine Anna, vein »Janskac«, Directory
of Mines Pfibram, No. 859.

IV. Jachymov, Mineralog. Institute of Charles IV. University,
Prague, No. 10.067.

V. Jachymov, Mineralog. Institute of Charles IV. University,
Prague, No. 10.068.

V1. Jachymov, Mineralog. Institute of Charles IV. University,
Prague, No. 3884.

In the same table are given the refractive indices a, § and y
for the sodium light and the extinetion on (010) (= g :¢).

%) In the book of Doelter (9, IV-2, p. 652) this analysis is given
with the title sUranvitriolc and by a misprint the values for UOQOs
and SOs are changed.
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Table 4.
I II. IIT. IV. V. VI
% % % % % %
UO0: 79-89 81-14 80-78 81-20 80-19 81-43
Fe20s traces — traces 0-00 117 traces
Ca0 163 0-18 traces 093 0-60 000
S0s y 4-24 378 418 404 415 362
H:0 13-98 1468 14:32 14-03 13-81 13-88
CuO 0-00 — — 000 0-00 —_—
PbO 008 — — 0-00 — —_
As — — —_ — traces —
99-82 9978 99-28 100-20 99-92 9893
aNa - 1-6220 — 1-6228 16237 —
Bxa 16248 1-6240 1-6257 1-6248 16254 16254
¥Na 16333 1-6325 1-6339 16336 16339 16339
Yy —a — 0-0105. — 0-0108 00102 S—
f:¢ 18" 17°—18" 18° 18° 18° 18°

All my analyses are in a good agreement among themselves
and with the analysis of DauBer (8); there is a greater discrepancy
in comparison with the analyses of Scuurze (WEeissacu 84), but
even this is negligible for the evaluation of the chemical character
of the uranopilite. I am sure that the presence of calcium is
caused chiefly by the admixed g v psum, which is only separated
with great difficulty from the uranopilite; the isomorphical
substitution of the uranyle by caleium is of a secondary importance.
The iron (chiefly in the analysis V.) eomes from the brown
limonitic crusts, which — especially in the case of sample No. V. —
cover the pure needle-shaped aggregates of the uranopilite.
After all it is probable also that a small part of the iron enters
directly into the uranopilite compound, the proof of which being
the colour of the specimens. Those containing traces of iron are
of a golden-yellow colour (I., ITI., V., VI.), whilst the others are
rather yellowish-green; furthermore, specimens III., V. and VL
have refractive indices which are a little higher.

The amount of water varies, as can be expected with
compounds of this type and origin, but even the greatest difference
(IT—IV) does not mean more than a difference of one molecule of
H,0 in the formula of the uranopilite. On the whole, the
chemical composition of the uranopilite corresponds to the
formula

6UO, . SO, . xH,0,

where x is either 16 or 17. The agreement between the analyses
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and the theory is perfect as is evident from the following table 5.,
where the theoretical values in % are given for the compound
with 20, as well as for those with 17 and 16 molecules of H,O.
In the fourth line are given the data of the compound 6U0, . SO, .
.10H,0, called by me the -uranopilite which will be treated
later on (p. 15). The percentage values of the compound with 20
molecules of water are given so that the first analysis of ScHULZE,
indieating 16,59% H,O, could be interpreted. Thus could possibly
be explained the deviating results of WEeissace (84) on the
extinction of the uranopilite, who found it to be 9° whilst
my observations showed always 18°.

Table 5.
6U0s.S0s.xH:0
X: % UOs %6803 %H:=0
20 H-0 79-59 371 16-70
17 H:0 81:63 381 14-56
16 H0 82:34 384 13-82
10 H:0 86-84 4-05 911

It is not possible to identify any of LINDACKER’s analyses
quoted by VocL (75) with one of the uranopilites.

One can characterise the paragenetical, morphological and
physical properties of the uranopilite as follows: The pure
uranopilite has a clear yellow colour with a greenish tint
(e. g. the material of analyses L., II., IV. of table 4.), if traces of
iron are present, the colour is golden-yellow. It forms very fine
needly and hair-like crystals of a silky lustre, which aggregate
woolly into kidney-shaped and grape-like masses,”) or it coats over
and fills out the fissures in the decomposed ore-material. It is always
accompanied by needles of gy psum, often by zippeite (see p.
16) and usually is ecovered by brown limonitical crusts. Under the
microscope we see a very perfect cleavage (010), parallel to which
the crystals are also tabular. The extinction on this face, which is
terminated by 1 or 2 oblique faces with varying angles (see fig. 1.
in the text and fig. 1. on pl. 1.), is 18° to the elongation for Na-light
in the obtuse angle f; the elongation is negative (normal to the flat-
face (010) emerges the obtuse bisectrix «, the direction f makes an

7} In accordance with the description of Dauber (8): ».. bildet
schon citrongelbe mikroskopische Krystalle... oft zu Kugeln zusam-
menhéuft auf Uranpecherz...« and Weisbach (84): »Die Aggregate
bestehen aus kurzen zartem Krystallhaaren, die, nur sehr locker ver-
wachsen, durch den schwichsten Fingerdruck auseinanderfallenc.
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angle of 18° with the elongation — see fig. 1.). The pleochroism is not
perceptible on the flat-faces; in the sections normal to the cleavage
it can be noticed that the absorption in the direction e becomes a
little smaller. The dispersion (p>wv) is strong and causes abnormal in-
terference colours especially in the sections normal to y. The needles
of this orientation are not extinguished in white light. The de-
termined optical data are in perfect agreement with the observations
of Larsen (37), carried out with material from the U. S. Nat.
@V —~ B
\?i/a !

Fig. 1.

\

Museum: he found for uranopilite from Jachymov (No. 84.651)
a=1,621 + 0,003, g = 1,623 and y=1,631, the extinction f:¢ =
=15% + 2°; for the other sample (I. e. 37, p. 160, C) he gives
f = 1,627 and the same optical orientation. In the new edition of
the book (Larsen-Berman 38), he has not mentioned urano-
pilite at all, but has given the data for uranopilite under
the name of zippeite (p. 112 and 113) with the following small
changes: the extinction f§:c = 22° (Cornwall) or 23° (Jachymov).
The data given by Sravik (69) for the »zippeite«i.e.urano-
pilite from Seifen near Jachymov are differing from ours,
inasmuch as the refractive indices are a little higher (1,635 and
1,645) and the extinetion is parallel. 1t is probable, however, that
only the needles oriented normal to y were observed and that by
a partial dehydratation something close to f-uranopilite was
produced and thus the refraction increased. I have examined next to
the analysed uranopilites a series of other »ockers« from
diverse collections and have found that e. g. the »Uranocker«
Nos. 1531 and 7136 from the collections of the University in Vienna,
No. 18.737 from the Mineralog. Inst. of the Academy of Mines in
Freiberg are typical uranopilites, whilst the »urano-
pilite« No. 18.741 is really the silicate uranotile. The
uranopilites Nos. 18.724 and 18.725 were correctly determined
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as such. The uranopilite exists together with the zippeite
on the sample No. 595 from the eollections from the German Uni-
versity in Prague. The »Uranbliith e« deseribed by Zirre (86)
was, seemingly, also a uranopilite, which had earbonates as
impurities and therefore was taken for a carbonate by Zrppe. The
sample No. 15.697 from Jachymov, kept in the collections of the
Narodni Museum in Prague and labeled »Uranbliithe« (col-
lected by Zippe) is the silicate cuprosklodowskite (see
p. 29).

On microscopical preparations of uranopilite, which were
dipped into the Canada-balsam in the cold and were left there for a
longer time an interesting phenomenon could be observed. The
needles lose their pretty yellow colour probably by dehydration
and become dirty greyish brown; the birefringence decreases till
it totally disappears; the extinction, as long as it is perceptible,
is almost parallel.

1 will earry out an accurate study of this phenomenon, which
was also observed with zippeite (see below), if I shall gain
suitable material. — It seems also, that only by dehydration from
16 or 17 molecules H,O to 10H,O the g-uranopilite 6UO, . SO, . 10H,0
could be produced, which I have succeeded to determine only on
the specimen from Jachymov, kept in Narodni Museum, Prague
(No. 17.365, labeled »Uranocker«). I have carried out the
chemical analysis, however, only once, and with a very small
quantity of the substance (this was why 1 was unable to determine
Ca). 1 found that the chemical composition corresponds to the
above formula as is evident from table 5. of various hydrations of
theuranopilite (p. 13).

— U0, 82,40% —

— Fe,0, 2.03% —

— 120 79 —

— SO, 4,17% —

— H,0 9,40% —
98,00%

There are very remarkable differences between the g-uran o-
pilite and the normal uranopilite with regards to their
optical properties. The needles, apparently of the same shape as
those of the uranopilite are not as beautifully clear-yellow or
lemon-yellow, but somewhat greyish, dirty green or of a brown tint.
The pleochroism of the p-uranopilite is also not very per-
ceptible. The extinction is parallel in all positions of the needles
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and the birefringence is considerably higher. Especially striking is
the high refraction, the indices of which are about a=1,72, § = 1,76
and y = 1,76. The elongation is parallel with the optic normal ,
the obtuse bisectrix y is lying in the flat-face (010). 1t is probable
that the f-uranopilite is the same mineral as was mentioned
by Larsex (37, p. 150) with the uranopilite; according to
LiarsEN this mineral occurs together with the normal urano-
pilite and gy psum, its § being parallel to the elongation and
the refractive indices being « = 1,68, f=1,71. The angle of the
optical axes (2V) is small. The only discrepancy (except the dif-
ferences of the refractive indices) is the optical sign, described by
LArsEN as positive, whilst that of our puranopilite is ne-
gative. Perhaps the »uraconite« of Liarsen (37, p. 149) from
Gilpin Co., Colo. (U. S. Nat. Mus. 85.007), belongs also to these
minerals, the indices being « = 1,75, § = 1,79 and y=1,85 and the
elongation identical with y. The »uraconite« from Telegraph
mine, Colo., kept in Narodni Museum, Prague (No. 2007), is, ac-
cording to LArRseN (37, p. 160), closely related to the zippeite.

According to VocL’s description (75, p. 119—124) of the
»Uranbliithe« called also »zippeite« by the author, a part
of the material seems to have been uranopilite®) though the
analyses (see below table 6., column I.—I1.) are very different
from those of the normal uranopilite.

The uranopilite and to a lesser extent the Buramno-
pilite show a very strong yellow-green luminescence in the ultra-
violet light. In this way they can be distinguished from the zip-
p eite, which is macroscopically very similar, but does not show
the described luminescence,

Zippeite.

The other most frequent secondary sulphate is the yellow
zippeite. I use this name of Haipinger (16) in spite of the fact
that the first analyses of zip peite which were carried out by
Linpacker (VocL 75) and are given in the following (6.) table of
analyses (Nos. I.—II.), concern another compound, closer resembling
the uranopilite. T did not yet succeed to locate this Vocr-Linpacker

8) p. 122: »...Die Uranbliithe in beiden Variationen kommt immer
in Gesellschaft des Uranokers und Gypses vor. Vom Uranoker ist sie
durch die reine hochschwefel- oder schon orangegelbe Farbe und durch
eine in kleinen Schuppen und Nadeln auftretende Kristallisation ver-
schieden. — Diese Kristalle treten entweder einzeln auf oder sind zu
kugligen oder linglich runden Partien angehiuft.. .«
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1. Uranopilite from Jachymov; needles and laths terminated by faces
with varying angles. Enlarged 200 diameters.

2 Zippeite from Jichymov; tiny spindle- and lense-shaped crystals,
partly contorted, forming rosettes and parallel rows. EKnlarged 200 dia-
meters.

Phot. by #. Ulrich.
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3. Kidney- and wart-shaped coatings of wranopilite and some zippeile

(lower right) which quite recently must have been formed on limonite

and a piece of wood (below) in an abandoned gallery. Sample from
Jachymov. Enlarged 2 diamelers.

a
4. Twinned crystal of f-uranotile from Jachymov with a very distinct

zonal structure and twinning line parallel with (100). a) in ordinary light,
b) in polarized light between crossed Nicols, Enlarged 200 diameters.
Phot. by F. Ulrieh.
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compound. The original specimen of VocL’s zippeite, kept in
the collections of the Directory of Mines in Jachymov No. 295, as
well as the later quotations concerning zippeite (Hess 22,
Larsen 37) are more or less concordant with the three sulphates,
mentioned below, which were analysed by me (see table 7.). There-
fore 1 suppose to be right in aseribing the name »zippeite« to
these minerals and to annul the problematic compounds of VocL’s
zippeite till the analyses of LINDACKER can be checked. Much
nearer to our zippeite is the »Uranoker« of Vocr (79, p.
124—127) given in table 6. in columns II1.—V., differing es-
sentially by the amount of water only, which is, however, in
zippeite very variable.

Table 6.

1. 11. I11. 1V. V.

% % % % %
TO0s (Us0s?) 62-:042 67-855 70-936 66-052 5848
Fe:0s — 0-172 0413 0863 246
CuO 5-208 — 0235 — —_
PbO — — — — 221
Ca0O — 0-607 — 2:622 303
MnO — — — — 03>
Si0. — — — — 1:46
SO 17-361 13063 7116 10165 10:22
H-.0 15232 17-693 20-880 20:057 20:58

99-843 99-390 99-580 99759 9879

DorLTER (9) aseribes the analyses 1. and I1. to zippeite
and III., TV. and V., called by Vocr »Uranokerq to ura-
conite,

My three new analyses (see table 7.) were carried out on
specimens from Jachymov, kept in Narvodni Museum, Prague (Nos.:
I. 4891, I1. 4890 and IT1. 2009).

Table 7.
I 11. T11.

% % %
TU0s 71-98 7347 7476
Fe:0, 117 000 —
CaO 1-88 413 358
SOs 1002 1019 1015
H-0 13-95 11:32 11-37
As — — 000

9900 99-11 99-86
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aNa 1:575 1636 1-616
8N 1615 1-694 1677
SNa 1-646 1-732 1700
e 0-071 0-096 0-084

There is to be noticed the amount of lime which varies much
and is certainly not caused by impurities (gy psum ete.); further
the considerably higher amount of water of specimen I. I have
specially determined the water in a fresh specimen of zippeite
from the mines. Much more water was found in it (15,11%),
accordingly also lower refractive indices ¢ = 1,570 and y = 1,641.
The material, however, is not homogeneous; next to individuums
with the mentioned low indices (and perhaps still lower) are others,
morphologically of the same shape, but with much higher indices.
One can observe on the analysed specimens (espee. II. and I11.)
stmilar, though not striking, phenomena. It seems, that a series of
hydrates of the zippeite exists. Thus Lixpacker’s analyses
Nos. ITL., IV. and V. (see table 6.). with more than 20% of water
are entitled to be quoted there. An extireme on the other side —
though the refractive indices do not differ much from ours — is
the zippeite from Grand Wash, Fruita, Utah, analysed by
ScHALLER and described by Liawrsex (37, p. 160, 3) and Hess (22),
the analysis of which was carried out with a very impure material
and. gave the following data (I. column):

Table 8

1. 2.

% %
TOs 7250 80-3
S0; 1111 107
H-0 877 9-0
CaO 0-97 —
P05 + As:0s 373%) -
CuO 0°96 —
Si0:2 1-96 —
100-00 . 100-00

After subtracting the impurities (Iibethenite, gypsum
etec.) Hess calculated the formula of zippeite from the percen-
tages, given in cclumn I1. (table 8) as 2U0, .80, .3H,0 though
the amount of water is nearer to 4 molecules. Similarly, i. e. by
over-caleulating the old Linpacker analyses (see table 6., p. 17,
col. T, I1.), Hess writes the formulas 200, . SO, . HH,O and

") by difference.
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2UO, . S0, .8H,0. The agreement is approximate only, as is
evident from the theoretical values, given in the following table:

Table 9.
2U0:.80;.x H:0
x: % UOQOs %S0s %H-0
3H.O 81-02 11-33 765
4H-0 79-00 11-05 9-95 "
5H.0 77-09 1078 12-13
6H-0 7526 10-53 14-21
7TH=0 7852 1028 16-20
8H-0 71-86 10:05 18-09

From my analyses can be derived a similar formula with 5 or
6 molecules H,O provided CaO forms an isomorphical mixture with

oW O

10 M
Fig. 2.

0,0. 1t is very difficult to express the amount of lime stoechio-
metrically, as the quantity varies much so that the formulas become
very complicated. We must consider that there is always a mixture
of various hydrates of the zippeite, one of them being far pre-
valent; within limits of some tenths of percent other sulphates
must be regarded to be present as impurities, and finally it cannot
be overlooked that the microanalytical methods are no more precise
using such small quantities. I do not exclude the possibility of the
existence of one hydrate containing lime in a simple stoechiometrical
proportion while other hydrates are nearly or absolutely free from
this substance. This is only a suggestion which for its verification
will require a larger quantity of material.

All zippeites show, asmentioned above, the same morpho-
logical character with constant optical properties except that the
refractive indices decrease evidently with increasing hydration.
Macroscopically the zippeite forms an earthy orange-yellow
powder occuring usually with the uranopilite as crusts or
kidney-shaped or grape-like coatings on the disintegrated ore-
material. It is usually accompanied next to uranopilite with
gypsum, limonite and sometimes by the uranotile and
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the uranium micas. By a slight pressure the aggregates of
zippeite fall apart into small clods composed of a mass of tiny
imperfect erystals not surpassing ever 0,02 mm. The erystals are
usually spindle- or lense-shaped, variously stretched, erooked, or
rounded off, forming frequently rosettes or parallel rows (see fig. 2.
in the text and fig. 2. on the pl. L.). Plates with a rhombic outline
are rare, and their angles vary much. The optical orientation is as
follows: a is normal to the flat-face of the lenses, spindles and
rhomboids, y approximately bisects their acute angle. The dis-
persion is slight. Pleochroism appears strongly only perpendicular
to the flat-face, where in the direction o the zippeite is colour-
less or very pale-yellow, and deep yellow in the direction y. The
tint of the yellow colour is a little paler in direction p. These ob-
servations agree with the data of Liarsex for zippeite (37, p.
159—160), where for four samples the following data (for Na-light)
are given:

a o y r—a
1A (zippeite, Jachymov) 1,630 1,70 1,720 0,090
1B (zippeite, Jachymov) 1,620 1,680 1,720 0,100

2 (puraconite«, Gilpin Co) 1,660 1,710 1,760 0,100
3 (zippeite, Fruita, Utah) 1,630 1,689 1,739 0,109

The pleochroism as well as the optical orientation quoted
agrees with my results, only the crystals of LiarsEN seem to be
partially better developed. Next to the rhomboids LaArRSEN gives
laths with the outline of a parallelogram, the extinction being
320419, The elongation according to LiARSEN is identical with the
crystallographical axis e, the flat-face is then (010).

Next to Jachymov and its vicinity as well as localities in
Saxony (see F'renzeL 12, who gives the name of the zippeite
totheuranopilite, ScHIFFNER 56 ete.) and in America (Gilpin
Co., Fruita), the following localities may be mentioned for the
occurence of zippeite (if the given descriptions may be trusted):
P¥ibram, where Reuss (52, 53) describes a powdery ocker next
to a fibrous one (i. e. probably uranopilite). I have identified
microscopically the zippeite on specimen No. 860 from the
collection of the Directory of Mines at Piibram from the vein
Janskd (mine Anna). Slavkov (Schlaggenwald): RiUcker (54)
and J. Horrmann (24, 25) mention the powdery uranium
ocker from Slavkov without any description. »Uranbliith e«
from Slavkov, mentioned by Horrmany is of a green colour,
contains 8i0,, CuO, P,0;, is amorphous, and therefore does not
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belong to our group. — Drmouly (Diirrmaul) and Schon-
ficht: The occurences of uranium minerals in the neighbourhood
of Marianské Lazné (Marienbad), i. e. Drmouly and Schonficht,
show another character, where phosphates and silicates prevale and
neither the real zippeitenoruranopilite could be identified
definitely. Perhaps a yellow coating from J 4c¢h y m o v, described
by Jou~x (32), also belongs to the zippeite. Cornwall:
Pe~NroEP (47) mentions briefly the zippeite (probably urano-
pilite) and »uraconite« (»uranochre«) from Cornwall,
ScHEERER (55) writes aboutan uraniumochrefrom Norway.

This closes, for the present, my research on secondary uraniwm
sulphates. It is evident that much is missing to completely syste-
matize the hitherto confused data on these minerals, but 1 hope that
I shall be able to proceed in this work. It is certain, that the com-
plicated caleulations of the old analyses (RaMMELSBERG 51) cannot
be trusted as the compounds are much simpler and vary only
in the degree of hydration. I think that the great series of haphazard
names will become useless and that there, where compounds only
differ by the amounts of water, the different quantitative relations
will be indicated sufficiently by suitable indices (a-, 8-, y- etc.) to
the fundamental name of the mineral.

Silicates of the uranotile group.

The erystallized silicates of the uranotile group occur on
the uranium-ore deposits less frequently than the sulphates.
Although the amorphous silicates (gummite, eliasite) are
comparatively frequent, the uranotile belongs to the minera-
logical rarities, and further members of its group were still found
- quite recently. To these belongs firstly the sklodowskite
from Belgian Congo described by Scuoer (61), who showed im-
mediately the analogy of this mineral with the uranotile (58,
39, 61, 62, 63). Furthermore recently the cuprosklodowskite
from Kalongwe, Belg. Congo, was found, analysed only qualitati-
vely and optically by Vaes (74). This mineral was identified with
one from Jachymov and was analysed quantitatively for the first
time by myself.

The uranotile, labeled also uranotyle, or urano-
phane, was investigated many times chemically as well as crystal-
lographically since 1870, when a sample of it from Wolsendorf,
Bavaria, was firstly described by Bokick¥ (2, cf. 3 and Cecu 5).
The most important investigations are: The works of WEIsBacH
(81, 82, 83) and WEBsky (on so-called suranophane« 78, 79, 80,
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see also ScHUCHARDT 66) ; the report of Prers (50) on the analysis
of the material from Wolsendorf; then the crystallographical ob-
servations by Scuraur (65) and Pjarnickiy (PiaTnitzry) 48, 49.
Finally a series of notices and studies from which especially that
of LiarseEx-Hess-ScuarrLer (40) should be mentioned, where the
identity of the so-called »lambertite« from Lusk, Wyoming,
described by Lixp and Davis (42) with the uranophane (i. e.
uranotile) is proved by comparison of the optical properties
with the material from Saxony. Of the elder authors, Genxta (13),
Kerr (34), Fourrox (11), Warsox (77), NorDENSKIOLD (45) and
Horrmann (26) were studying theuranotile aprd the associated
minerals. I do not quote all their analyses partially because they
were carried out on inhomogeneous material, and partially because
they are compiled in the textbook of DoerteEr (9, I1-3, 421—424).
Of recent date are only the works of ScuoEer (58, 59, 61 etc.) com-
paring this mineral with the sklodowskite and the investi-
gation of the new minerals from Wolsendorf by Scroep and ScrHorz
(97); finally the work of THOREAU (72) on the uranotile from
Katanga, which will be considered later in this paper. As for the
radioactivity, it is treated in the work of Barper (1) and others
(see also MiGGE 43, p. 440).

The occurrence of the uranotile in Jachymov was sup-
posed to be doubtful up to the present time according to some text-
books of mineralogy. Neither Daxa (6) nor Hintze (23) quote the
uranotile from this famous locality of the uranium minerals.
In the Czech textbook of JeZex (29) its occurrence in Jachymov is
doubted, although a part of the material of Scuraur (65) and
Prarnrckiy (48 ,49) was undoubtely from Jachymov. T have found
in the collections of the Mineralogical Institute of the University
in Vienna both specimens from Jachymov, mentioned by Prar-
NvickiJ (Nos. 8874, 8875), correctly labeled. In the Naturhist. Mu-
seum in Vienna is also kept a typical fine needly uranotile
from Jachymov (No. Aa 6741, 1873, 1.2); a similar uranotile
exists in the collection in Freiberg (No. 26.582). In the collections
in Prague I did not find such specimens and only from the Direc-
tory of Mines in Jachymov T could obtain five little pieces on
which a few uranotile needles can be seen. Tiny needles of the
uranotile, having a little different shape, exist on the specimen
No. 9761 in the collections of the Mineralog. Inst. of the Charles
IV. University and No. 21.213 in the Narodni Museum in Prague.
I did not examine these specimens with the exception of making
an optical identification. I paid much more attention to the speci-
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mens of uraninite from Jachymov, coated with crusts of tiny
greenish-yellow needly erystals, differing from the normal urano-
tile by a greater thickness of the needles as well as by the greenish
colour-tint. One of these specimens was labeled »sehréckinge-
rite« in the collections of the Mineralog. Inst. of the Charles 1V.
University, Prague (No. 8100). The determination was made by
means of Liarsen’s tables (37) and further supported by the evo-
lution of CO, in dilute acids. This phenomenon, however, is caused
by the admixed calcite or perhaps also by the uranothal-
lite. As could be confirmed sinece, the data of Liarsen (37, p. 131)
were obtalned with a similar material. By an extensive qualitative
test 1t was determined that in the so-called »schrdockingeritec
next to a considerable quantity of uranium and water also lime and
silica are present, while all the ('O, came from the carbonate im-
purities. The optical properties, however, agree with those given
by Larsen and shall be discussed later; these were entirely diffe-
rent from those of the real uranotile. Therefore 1 decided to
carry out a quantitative analysis as well. This was made possible
by finding a similar mineral from Jachymov in the collections of
the High School of Mines in Piibram (labeled »uranotile«) and
in the Naturhist. Museum in Vienna, where suranotile« No.
3747 from Jachymov is kept, which corresponds in every detail to
my material. On this gpecimen, which was bought from Tng. Mau-
caer (Munich), was a notice »Wahrscheinlich nmeues Uranmineral«
with a pencil addition »Uranopilit?«. It is certain, that here ur a-
nopilite or another sulphate is out of the question. The spe-
cimen No. H 403 from Jachymov (Schweizergang) has a similar
character.

I had at my disposition 7,5 mg of nearly pure material coen-
taining only traces of carbonates. The quantitative analysis gave
following data (column 1.):

Table 10.
1. 11,
% %
UO0: 66-29 6681
Si0: 1311 1402
CaO 7-32 655
MgO — —
H.0 12-87 12-62
FQ:)O:; —_ _—
CO: *) —
9959 100-00

*) not determined, but present in a small quantity.
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The result of the analysis agrees with the theoretical values
(I1. column) of the compound

Ca0 .2U0, . 2Si0, . 6H,0.

A review of some hetter analyses of uranotile, given in
table 11., shows that without doubt the chemical formula of the
uranotileisidentical with that of our mineral, but, as mentioned
above and described further in detail, the optical properties of the
analysed mineral are very different from those of theuranotile.
There fore 1 propose to call this mineral f-uranotile, until an
X-ray investigation will be possible.

I.—TII. analyses by Bokick¥ (2) of the uranotile from Wol-
sendorf.

IV. analysis by Preis (50) of a specimen from the same locality.

V.—VI. analyses by WinkLEr (WEisBacu 81, 82), of the uran o-
tile from the mine »Weisser Hirsch« near Neustidtel, Saxony.

VIL—VIIL analyses by Gexta (13) of the uranotile from
Flat rock mine, Mitchell Co., N. Carolina.

Table 11.
1. 1I. II1. IV. V. VL VII. VIIL
% % % % % % % %
U0s 67-034 66471 — 64:98 63-93 62-84 6667 6659
Si0: 13-636 14007 13-701 13-52 13-02 14:48. 13-55 13-88
CaO 5054 5-489 — 525 513 5-49 6-23 711
H-0 12:48 12:84 12:679 14-18 14-55 1379 — 12:02
Fe:0s 3-03 2-88 — —
Al:0s 0316 0-308 031 1-44 — — traces traces
MgO traces — — 020 — - — —
P:0s 0-448 —_ - - — —_ — 0-29
PhO — — — — — — 074 0-45
SrO — — — — — — 013 0-48
BaO — — — — —_— — 028 —
98-968 99-715 — 99-57 99-66 99-48 — 10082

Briefly the formula of uranotile and of its group in
general shall be discussed. It is certain, that it corresponds to the
simple proportions CaO :2U0, : 2810, and one can have doubts
only about the water of hydration as in the case of the sulphates
whether it is normally 6 or 7 molecules. — Watsonx (77), whose
analysis is not correctly evaluated (61,28% U,Oq corresponds to
62,44% UO, but not to 60,14%) gives the formula CaO.2UOQO,.
3Si0, . TH,0, subtracting one molecule of Si0, and H,0 because
hyalite was admixed to the material, so that the final formula
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agrees with ours. Scaoer (58, 61, 62) on the basis of the sklo-
dowskite analysis comes to a formula with 7H,0. He found in
the sklodowskite 13,41% H,0 and increased this amount
after evaluating his results up to 13,94%. Other estimations of
H,0 (61, 63) gave 13,06%, 13,77%, 13,33% H,O. The theoretical
value for TH,O is 14,68% and 12,86% for 6H,0. — TrorEAU (72)
gives the analysis of the uranotile from Chlnkolobwe (Ka-
tanga), carried out with 70 mgs of substance: :

Table 12.
L II. I1T.
% % %
Loss on ignitiom (250°) — 154 13-6
sInsoluble« 90 68 75
UO0s 754 731 719
Ca0 (+ traces MgO) —_ 74 70
Pb — traces —
V, Se, Fe — 00 —
1027 100-0

From I. and II. THoreau derives the formula CaO.Si0,.
2UO; . 6H,0 (theoretical values are given in column III.) and sup-
poses the analysed mineral to be a special variety of the uran o-
tile with only half of the usual amount of SiO,. Considering the
analysis and the procedure more in detail, we come to other con-
clusions, especially when all the optical and physical properties
correspond totally with those of the uranotile. Si0, is given
as »insoluble« and it is conceivable that a large amount of the
silica remained in the solution and was precipitated with uranium
or calcium, if the usual evaporation to dryness was not made. The
sum of the components (102,7%) shows that large errors of obser-
vation have to be taken into account. As for the amount of water,
corresponding in this case to nearly 7 molecules (theoretically
15,48% H,0) no great weight may be given to it as the analysis
shows insufficiences mentioned above.

The number of six molecules of water of hydration in the
uranotile group is justifiable also by the analyses of the
cuprosklodowskite (see below), giving 11,72% and 11,88%
H,O0, i. e. still a little less than the theory requires for 6H,0O
(12,28%).

The p-uranotile, analysed by myself, forms, as mentioned,
comparatively thick needle-shaped crystals of yellow to yellow-
green colour, troubled partially by tiny grains of a black substance,
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which eould not be definitely determined. The length of the crystals
is maximally 2—3 mms. Some measurements were carried out on
the goniometre with two circles, but the quality of the material did
not allow exact observations and I had to subsist on approximative
data only. The crystals (fig. 3.) are in general somewhat tabular
parallel to the face on which sometimes with the bare eye and
always under the microscope (especially in polarized light) a sharp
twinning-line, parallel with the elongation of the needles, and a

Fig. 3. : Fig. 4.

zonar structure of the erystals can be seen (fig. 4. in the text and
on the pl. I1.).

Untwinned crystals are very rare. The cleavage is parallel
with the flat face. If the same is to be considered as a clinopinacoid
b (010) as is evident from the optical orientation, also the ortho-
pinacoid ¢ (100) must be present on the crystals, being the twinning
plane, further the orthodoma d, and rarely a small face ¢ (001),
nearly normal to both pinacoids. On the faces a vertical stripes
may be seen as the effect of the perfect cleavage in the direction
of b (010). There was only one measurable angle ¢ of the ortho-
domatieal face d, the value of which is 48°36” (average of 7 measu-
rements, max. 49°0/, min. 48°19"). The signals of the pinacoidal faces
« (100) and b (010) were generally indistinet, so that the measure-
ments of the angle between them vary from 87° to 93°% ¢ of the
face ¢ (001) is no larger than 2° It is interesting that the value ¢
of the face d 48°36” is very near to ¢ of the face (103) on the
sklodowskite 48°29’ measured by Scrorp (88, 62). Tt is,
however, very problematical to compare values of angles which
are accidentally near to each other, but T mention this coincidence
because the form of the erystals is after all very similar to the form
of the sklodowskite and uranotile from Belgian Congo,
though these are not twinned. Twinned ecrystals without any
accurate description were also mentioned by Scroer (59, 60) in
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the case of chinkolobwite, which was proved to be identical
with sklodowskite.

The most marked: differences between pg-uranotile and
the typical uranotile are shown in the optical properties of the
latter: On the faces (010) we see very abnormal interference colours;
the sections of this orientation do not extinguish in the white light
and only in the Na-light it is possible to determine the extinction
to the twinning-line (i. e. to the elongation of the needles: or to
the axis ¢ (c:y = 41° ¢ : § = 49°) (fig. 4.). The direction « is nor-
mal to (010) so that the sections parallel with (100) show a parallel
extinetion. On (010) the optical figure in the convergent light is to
be seen, 2Hy,= ca. 130°, with a very strong ecrossed dispersion
0>,

By means of the immersion method was determined for Na-
light

a= 1665
B = 1,686 y—a =0,031
y = 1,606

On another, non analysed specimen, paler yellow, was found
a—=1662, f=1686, y=1,694; pr—a— 0,032.

The pleochroism is strong, a nearly colourless, # and y deep
yellow. The density, determined in the Clerici solution, is 3,993.

All these properties are in perfect agreement with the de-
seription of the so-called schrdockingerite, given by Larsen
(37). After inquiring from the author, T was’ informed that the
described mineral is a silicate and not a carbonate; therefore, the
material of LArsenN is completely identical with mine, as to its
chemical composition.

The original schrockingerite from the collections of
the Narodni Museum and the Charles University (Prague) forms
thin sexangular scales of light yellowish-green colour, the refraction
indices of which are quite little higher than that of Canada balsam
1'54). The schrockingerite is uniaxial or anormally weakly
biaxial, with negative character of the birefringence. More detailed
optical and chemical investigations will be published later.

For comparison 1 determined also the optical data of the
typical uranotiles from the following localities:

Schneeberg, Saxony, y=c¢ = 1,667.

Woélsendorf, Bavaria, a = 1,647, y — ¢ = 1,669.

Jachymov (fine yellow needles) «= 1648, §= 1,666,
y = ¢ = 1,675,
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Jachymov (tiny needles in the eavities of uraninite, col-
lections of the Miner. Inst. of the Charles IV. Univ., Prague,
No. 9761): a=1,647, $ = 1,661, y = ¢ = 1,668.

Kasolo, Belgian Congo, originally labeled »sklodo w-
skite«, Min. Inst. Univ. Prague, No. 9480: « = 1,649, g =
= 1,670 ca., y = ¢ = 1,674.

One can assume that the f-uranotile is a mineral dif-
fering essentially physically from the normal uranotile, and
representing perhaps a second modification of the compound
Ca0.28i0,.2U0,.6H,0. 1f T shall succeed to gain suitable ma-
terial for the crystallographical and X-ray examination, it will be
possible to decide about the mutual relation between both minerals.

Cuprosklodowskite.

In the begining of this paper (p. 8) I have mentioned that
nearly all the samples which I found in the collections of various
museums, labeled as »uranochaleite« »Urangriin« or
»woglianite« were by no means sulphates, but silicates of the
uranotile group. Up to this time I did not know any hydrous
silicate of copper and uranium, corresponding by its formula with
the uranotile and sklodowskite; for this reason I have
called the new mineral jAchymovite according to the locality
Jachymov (Joachimstal). During further studies, however, I was
informed by the abstracts and, due to the kindness of Prof. Burt-
GENBACH, by the original paper of Vaes (74) about the detection
of mineral of the uranotile group from Kalongwe, Katanga
(Belg. Congo), containing copper. VAEs was able to determine the
optical properties and the qualitative composition only (CuO, SiO,,
UO,, H,0), whilst T have carried out two quantitative chemical
analyses of the material from Jachymov. The optical data de-
termined by myself are not quite in agreement with those of Vars
in the values of the refractive indices, but till now I was unable
to procure the comparative material. T will call this mineral
cuprosklodowskite, which name was given to it in the
abstracts. But if it will be proved that the mineral of VaEs is
essentially different T would claim the name jachymovite for
the species from Jéachymov.

The cuprosklodowskite from Jachymov forms very
fine needly crystals, aggregated in radial rays, in silky coatings,
kidney-shaped crusts and thin films of pale green colour on the
disintegrated limonitical gangue. The green colour passes to
greenish-yellow from the centre of the aggregates to their peri-
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phery. The needles are very tiny, (,03 mm — 0,05 mm-long, 0,005 —
0,01 mm thick, a little flattened. The laths end usually in a cross
face with varying slants, some angles aceording to the observations
of VAEs are approaching values of ca. 70°—75° The pleochroism
1s perceptible, being of a greenish-yellow colour parallel with the
elongation and yellowish or nearly colourless normal to the same.
The needles extinguish parallel, only in a few cases I found an
inclined extinction — probably another mineral was admixed, The
elongation is generally positive, in which case the needles show
abnormal interference colours. Crystals with negative elongation
are nearly isetropic, showing no pleochroism and are vertically
striped, which is caused by a cleavage parallel with (010). The
refractive indices were the following (Na-light, all the material
from Jachymov):

»Urangriin« (analysis 1., sea table 13.), Vienna, University,
No. 4549: a = 1,654, f —y==1,664.

»Voglianii« (analysis II, table 13.), Vienna, Naturhist.
Mus. No. G 7257: a = 1,655, f— y = 1,667.

Not labeled sample from the collections of the Convent
in Tepla: a = 1,655, §—y» = 1,667.

Very near are also the refractive indices of the cupro-
sklodowskite from the collections of Freiberg Nos. 18.735,
18.732 and 18.731, labeled »uranochalcite«, from the Univer-
sity in Vienna »uranochaleite« No. 5201 and from the Natur-
hist. Museum in Vienna suranochaleite« No. Al 733, VII,
04 (1836) -66.166. Typical cuprosklodowskite are also the
samples: No. 1574 from the collections in Tepla, the suranochal-
cite« No. 2624 from the Mineralog. Inst. of Charles IV. University
(Prague) and from the collections in Zwinger (Dresden, Saxony)
the suranochalecite Nos. 16.161 and 21.724 and the »U ran-
ocker« No. 10.183.

Among the »uranium carbonates« kept in the Narodni Mu-
seum of Prague I found some other samples of cuprosklodow-
skite from Jachymov, which were labeled: No. 15.693 as liebi-
gite, 15697 as »Uranbliithe« (Z1prE’s sample, see p. 15)
and 15.698 as uranothallite.

The optical properties agree with those given by Larsen (37,
p. 149) and assumed also by LarseN-Berman (38, p. 119) for the
uranochalecite from Johanngeorgenstadt (Saxony), kept in
U. S. Nat. Museum (No. 85.178): « = 1,655, y=1,662. Only the
optical sign is given by LARSEN as positive and the elongation also
as +. This is conceivable, as it is very difficult on examining such
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a small quantity of material, to find the needles oriented so, that
the elongation is negative, i. e. turned on the edge, normal to the
cleavage and to the flat face. .According to the kind communication
of. Mr. W. F. Fosuag, Curator of Mineralogy and Petrology at the
U. S. National Museum, Washington, this sample also contains
Si0,.?) The values of the refractive indices, given by Vars (74),
are essentially different. This author gives n==168—1,70 as one
of the most pronounced characteristics of the cuprosklodow-
skite, by which the same may be distinguished from the sklo-
dowskite, whilst our data are only a little higher than those of
the sklodowskite (a==1,613, § = 1,635, y = 1,657) and nearly
identical with those of the uranotile (see above). Tf the
refractive indices of the material of VAEs are really so high as they
are given and if the chemical composition corresponds quantitative-
ly with our mineral, it is possible, that here also two modifications
exist similar to the uranotile and f-uranotile.

The analyses of the two first samples mentioned above, 1. c.
I. of uranochalcite« (University Vienna, No. 4549), 4,5 mg
taken, and II. of »voglianite« (Naturhist. Museum Vienna, No.
G 7257), 8,5 mg taken, make the formula of the cuprosklodow-
skite

Cu0 . 28i0, . 2UO0, . 61,0,

as is evident from colum III. (table 13.), where the theoretical
values are given.

Table 13.
L 11. I11.
% % %
CuO 899 907 904
PbO traces 0-18 —_
UO0s 64-96 64:65 6503
Fe:0; traces traces -—
CaO traces — —
Si0. 13-40 13-90 1365
H:0 1172 11-88 1298
SOs 0-00 — .
99-07 99-68 100-00

? »..I have examined the sample of socalled uranochalcite from
Johanngeorgenstadt in U. S. N. M. 85178 and find that it leaves a residue
of silica upon treatment with acid. The mineral forms a pale grass
green coating a fraction of a millimeter thick on the rock. It has a fibrous
structure and a silky luster.. .«
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It is interesting, that observations similar to mine were made
by Joux (30) in the year 1845, who, examining carefully a sample
from Jachymov, labeled »Urangriing, found, that a silicate
»Kieselkupfer-Uranoxyd«) is present, which has similar
properties as cuprosklodowskite.®) This observation is
quoted by Vvsok¥ (76), Kenncorr (33, 1844—49, p. 69), Zerua-
rRovicH (89, L, p. 225) and KrvaXa (35); but vainly we search for
this quotation in other textbooks. R. HErMANN (21) in 1859 published
a note on the uramnochalcite (he also calls it »urano-
caleite«), which according to his description forms kidney-like
amorphous masses of a metallic appearance containing SiO,. The
deseription as well as the analysis!') show, that he had obviously
not a homogeneous material, but 1 mixture, totally different from
our cuprosklodowskite as well as from the urano-
chaleite of Brerruaurr and Vocr. T quote these data only for
completeness. The note of HErMANN was righteously criticised by
Kenxgorr (33, 1859, p. 124—125). Whether the mineral, described
by Horrmann'?) (24, 25) from Slavkov, is identical with the
cuprosklodowskite, is not possible to be decided definitely.

In the collections of the Directory of Mines in Schneeberg-
Neustiidtl (Saxony) and in the Mineralienniederlage in Freiberg
I found some samples labeled »uranochaleite« or »urano-
caleite«. These are inhomogenous mixtures of the yellow and

19 yDas Mineral bildet einen sehr unvollkommen traubigen Uber-
zug, oder es findet sich bloss in angeflogenen Theilen und in diinnen
Rinden; die Farbe ist meistens apfelgriin, indessen auch zeisiggriin;
es ist matt und etwas fettglinzend; schwach durchscheinend oder
undurchsichtig. Das Gestein, auf dem es angeflogen vorkommt, ist sehr
verwittert«... ... »Es ergibt sich aus diesen Versuchen, dass das
Joachimsthaler Mineral kein basisches schwefelsaures Uran, son-
dern dass es zusammengesetzt sey aus:

Kiesel-Erde T Phosphorsiure

Kupfer-Oxyd’'s | ungefdhr geichen Arseniksdure?

TUranoxyd’s f Theilen Eisenoxydul’s einige Prozenten
Wasser Unbestimmien

Metall-Oxyd’s

1) p. 321: Schwefel 579, Arsenik 7-23, Kupfer 1021, Ni 0-97, Fe 231,
Kieselerde 4:40, Wismuthoxyd 8606, Uranoxyd 1441, Eisenoxyd 1195,
Eisenoxydul 327, Wasser 240, Silber Spur. Sa. 100:00 (!! rightly 99-00).

12) ,..Fine dunkelgritne Uranmasse, die im Anflug leicht kristalli-
niseh wird, zeigt in kompakter Masse im polarisierten Lichte amorphe
Eigenschaften; sie wurde vorldufig mit dem Namen Uranbliithe be-
legt; ...besteht...aus ..Cu0, Ur0O; H:PO. SiO-.
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green decomposition products of the uraninite, prevalently of
the silicates, which are even observable in the thin sections under
the microscope. They are mixed so intimately, that there can be no
idea of a separation of the pure material. A little better is the
yellow erystalline decomposition-product of theuraninite from
Drmouly near Maridnské Lazné (CSR), which seems to be homo-
geneous. A note concerning this mineral will be published later on.

Summary.

The chemical composition, physical properties and the oc-
curvences of some secondary uranium minerals are treated. These
minerals are:

Johannite Cu0O.2U0,.2S0,.7H,O0.

Uranopilite 6U0,.S0,.16 (or 17) H,O0.

B-uranopilite 6U0,.SO,.10H,0.

Zippeite 200,.S0,.5—6H,0.

Uranotileand f-uranotile CaO.2Si0,.2U00,.6H,0.

Cuprosklodowskite Cu0.28i0,.200,.6H,0.

Further the names of some minerals, based on older analyses,
were checked and the data concerning the optical properties of
some of the mentioned minerals were corrected.

Mineralogical Institute of the Charles IV. University, Prague.
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