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¥’ RUKOVSKYITE, Fo!t (As0,) (80y) (OH) . 7 11,0, FROM KANK, NEAR
5 KUTNA HORA — A NEW MINERAL

FranNTI3EK NovAk'), PAviL Povoxora?), Juli VTELENSiY?)

Abstracl: Bukovskyite, a recent weathering product of arsenopyrite, oceurs in
¥ medieval dumps at Kailk, near Knotnd Hora, Central Bohentja. It composes pale
yellowish-green to grayish-green microcrystalline aggregates of metacolloidal nature,
- similar to those of destinezite. Nodules of bukovskyite that reach 30 em. in
" maximom dimension are soft, nearly powdery on the surface, wilh uneven earthy
~fracture. Streak is yellowish-white. Bukovskyite readily decomposes in HCL Density
+ is 2,334, Colourless or yellowish needles with average dimensions 0,5 x 0,007 mm.
~can be distinguished in miecroscope. ‘The erystals have columnar habit, their symmetry
$ probably monoclinic-prismatic. Refractive indices are B’ = 1,570—1,582, v’ =
= 1,626—1,631, extinction angle is 22°. The morphology and fabric of minute
crystals of bukovskyite were studied by aid of electron microscope. Recalculation ot
four chemical analyses leads to the formula Fel* (AsO,) (SO,) (OH). 7 11,0 which
- corresponds to the theoretical cowmposition Fe,Og 32,60 %, As,Op 23,46 %, SO
. 16,35 9, H,0 27,59 9%. The water content slightly varies. Infrared spectra revealed
" the absorption band of the (50,)* and (AsO,)*~ anions, of crystal water and (OH)
{ grounps. Thermogravimetric curves show two distinct weight losses, The first at
. 50—350 °C is caused by the loss of crystal water and probably also of the (OH)
. groups, ithen the dissociation of ferric sulphate und escape of SO, take place at
. $30—760° C. The d. t. a. curve records these reactions as pronounced endothermal
effects. Exothermal reactions at 600—660 °C are caused probably by erystallization
of complex oxysulphates and arsenates of iron. X-ray investigation proved the
crystalline nature of bukovskyite. Strongest X-ray powder lines (in 1): ~ 9,6 (10),
~ 9,2 (10), 5,30 (6-—8), 4,47 (6—9), 3,90 (7—9), 3,59 (7-—9). Bukovskyite can be
regarded as arsenate analogue of destinezite. Both these minerals can be arranged
in a separate mineral group, together with sarmientite which has a similar chemical
" composition as bukovskyite but different structurc and crystal water percentage.
, Pitticite is considered to be an X-ray amorphous coltoidal analoguc of bukovskyite
; and sarmientite. Bukovskyite was named in honour of Professor A, Bukovsky who
. analyzed this mineral already in 1914,

I 1) Institute of Mineral Rew Materials, Kutnd Hova, [MouSecks 279
¢ ) Geological Instilule, Czechoslovak Academy of Sciences, Praha 4, Boénf 11
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INTRODUCTION AND IISTORY t e was lhe first who analyzed the *‘poisonous carth of Kuina Yora®
. Buxovsky 1901, 1915).

As to the preliminary proposal “arsendestinezite” by ¥. Urricn (1930),
e consider it 10 be unsuitable from the nomenclatoric point of view. The
rm “arsenian destinezite’” should be restricted only to varieties of
estinezite with (PO, still prevailing over (AsOg)*~. In bukovskyite
osphorus is almost complelely substituted by arsenie. The other obsolele
lames arve either incorrect (‘arsenite’’, “‘arsenic’’) or incompatible with the
resent rules of the mineralogical nomenclature (“the poisonous earth
§5f Kutna Hora” etc.). Only two minerals are chemically related to bukov-
ite among the well-defined species: pitticite and sarmientite. As will
shown below, the properties of both thesec minerals evidently differ
om those of bukovskyite.

pecimens of bukovskyite are deposited in the collection of the Depart-
@Ercnt of Mineralogy, Geochemistry and Crystallography, Charles Univers-
Bity, Praha (No. 14240), and in the ('ollectlon of the Department of Miner-

The nodular, powdery to earthy substance has been known for long time
in medieval dumps of Kutna Hora and used by inhabitanis, because of the
high arsenic content, for peisoning mice. This substance is quoted in
literature under various scientific and local names, e. g. *‘arsenite”, “arsen-
destinezite”, “‘arsenic”, ‘‘the Kank powder”, “the Kulnd Hora carth”,
“the peisonous earih of Kutna Hora”. The mineralogical composilion was
not well known, however, up to the present. All data on the “Kutni Hora
earth” and papers dealing with it were compiled hy J. KratocnviL (1957-—-
—1964).

The first chemical analysis of the examined material was done by A
Burovsky (1915), who called it “‘the poisonous earth of Kutna Hora”’
Some other data on this substance were published by F. Sravik (1925)
who considers it to be an inhomogeneous mixture or a mineral of the,
pitticite group. F. Slavik examined microscopicalty the type material of
A. Bukovsky that was deposited in mineral collection of the secondary
school at Kutnia Hora. He noted that it is composed of minute needle-like
crystals similar to gypsum, and that it resembles destinezite from some
Bohemian localities. Later F. Slavik gave a specimen of the “Kutng Hora
carth”” to F. UvrgricH; this author published a short preliminary report
on this mineral, based on the chemical analysis by A. Bukovsky and on 3
his own optical examination. Ulrich stated that the oxide ratio is identical
with that in destinezite, with exeeption of the (PO,)*~ gronps substituted
by (As0,)*-. Since the optical investigation also confirmed the close 51mll-
auty to destinezite, F. Ulrich gave to this mineral a preliminary name

“‘arzéndestinezit”, Unfortunately he did not publish any detailed study on
this species. F. Scavix (1932) reported on this Ulich's article in Mineralox
gical Abstracts; from this source A, N. WincuerLL and H. WincHeELL (195
quoted the name “arsenian destinezite”. In later publications the terms
“arsendestinezite’” and “arsenian destinezite” cannot be located, havi
been probably forgotten (c. 4., CH. PavacHE ef al. 1954, H. Strunz 1966). 8

New finds made recently in some oceasional exposures of medieval dumpss#
al Kaiik’) near Kutna IHora brought us to a new detailed study of this
mineral. We succceded in proving again its homogeneity and relatively 8
stable chemical composition on these new specimens. The existence of
a new mineral species was undoubtedly established and named bukovskyite,
in honour of Antonin Bukovsky (1865—1950), professor at the secondary:
school in Kuinad Hora. A. Bukovsky devoted most of his studies to thd
mineralogical and chemical investigation of minerals from Kutna Hora;

OCCURRENCE AND GENIESIS

- The old dumps at Kaiik, near Kutna Iora, Central Bohemta, represent
e type locality of bukovskyite (Photo 1). Nodular aggregales of this
neral are located in them usually about 1—3 m below their surface.
kovskyile originates here as a weathering product of common sulphides,
dominantly of arsenopyrite and pyrite. Unoxidized remnanis of arseno-
ite that witness this mode of formation were observed in corcs of some
odules already by A. Buxovsky (1915). The origin of bukovskyite is
ecent, the dumps are estimated to be 400—600 years old. The nodular,
icrocrystalline and metacolloidal character of the examined mineral
uggests that it crystallized from gel. Bukovskyite occurs mostly in the
rthern part of the Kutna Hora ore district whose veins are rich in
bmmon sulphides, particularly in arsenopyrite.

DESCRIPTION Ok MATERIAY,

Bukovskyite composes nodular, pale yellowish-green to grayish-green
ehgregates whose shape resembles much that of destinezite (Photo 2).
'he nodules range from 5 up 1o 30 cm. in size. Fracture is uneven, earthy,
e microcrystalline material is rather soft. ‘The surface of some nodules
Bicovered by a powdery coating, coloured in yellowish-white to yellowish-

M) Kaik is a village 2,5 km north of Kutnd Hora, located in the historic part of. thﬁ
Kutna Hora ore district.
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-brown lues by some ferric iron compounds. In the inner parts of t
bukovskyite aggregates small vugs can be observed under binocular,
microscope whose walls are lined with radiating bunches of needle-like
crystals. These are irregularly developed and often taper off to the fre
ends. Their morphology could not be studied because of the minute siz
of single crystals. The air-dried bukovskyite matrix turns a bit lighter; a
elevated temperatures it acquires a rich yellow to brown colour; materid
heated al 1000 °C is dark reddish-brown. In central portions of the nodules
the bukovskyite matrix is relatively homogeneous, but contains numerousig
chips of dump material, particularly of the porous vein quartz, near theip
swface. Streak is pale yellowish-white to dirty yellow. Bukovskyi
decomposes only in the hoiling HINO, but is readily soluble in HCL.

OPTICAL PROPERTIES "

Sonmie optical properties of bukovskyite published by F. Sravix (1925; :
and F. Urricu (1930) were already mentioned above. Both these authorsz)
drew attention to the close optical similarity of bukovskyite and destinezite’
from some Bohemian localities (Litogice, Uvaly, Nudice and Zdice) and:¥
Lo the morphological resemblance of bukovskyile to gypsum crysta S
Optical constants of bukovskyite deterinined by F. Ulrich are quoted
in Table 1 and compared wilh the new data measured by Dr. E. Fedink 7
on the recently analyzed material. According to F. Urricu (1930), buko
skyite forms tiny needles about 30 p long and hardly 10 p thick, simils
to gypsum and optically symmetric with it.

Optical investigation of bukovskyite was performed in oil immersip
The character of its tiny crystals can be well observed in Photo 3. T
shape is sticky to ncedle-like. The average length of the crystals studied
was 0,05 mm., 0,11 mm. in extreme cases, the width averaging about 0,007
mm. reached up to 0,015 mm. Besides isolated crystals, aggregates th
suggest a radial arrangement can be also observed in immersion mount
Crystals of bukovskyite are colourless to yellowish, anisotropic, with 16
interference colours and inclined extinction 22° (Fig. 1 A). Some crystalg
display glide bending similar to that characteristic for gypsum. The usu
development of bukovskyite crystals is demonstrated in Fig. 1C. Thy
habit of the usually single terminated crystals suggests the monoclini¢
-prismatic symmetry. .

In Table 1, the optical properties of bukovskyite are compared wil
the data published for minerals that are chemically or structurally rela
to this species: destinczite, diadochite, sarmientite and pitticite. |

According to V. ANgeELELLI and S. G. Gorpon (1941), sarmientite,
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ments made by E. S. LArsen (1921) suggest rather triclinic symmet
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Fis is in accord with the results obtained by J. ToussainT and J. MELoON
955). The latter aulliors indexed the X-ray diffraction patterns as tri-
ic, V. Bousga el al. (1960) also regard the triclinic symmetry as more
Eirobable for destinczite.

mon‘mclinic and forms tiny prismatic crystals 2—25 ¢ long. It is biaxj
positive. It differs from bukovskyite by evidently higher refractive indice:
‘Crystals of destinezite from Chvaletice were studied for compa
with bukt.wskyite‘ They are mostly short colummar or thiclk tabular
fv;:;xog;;:tl:lsz;llgl;zsz];: I%Lgceifufsgg Ci?i“ !}1‘3 indexed as (010) by comparisoy Pitticite and diadochite are isotropic -~ with exception of those that
hexagonal b ttin ‘ﬁ h oads ap‘e 1S often conver_te.d to pse}?'l Jrontain some admixed crystalline phase — and differ substantially in this
g y cutting ofl the acute corners by some additional facets spect from bukovskyite and destinezite. Refractive indices of the former
nerals deviate from those of their crystalline counterparts only negli-
bly.

/@\ 5-;'5 ) The other minerals that might show some relation to bukovskyite are
" ) fuite different: refractive indices of scorodite are well above 1,77, those

i’ coquimbite do not reach 1,58.

ELECTRON MICROSCOPE STUDY

B With regard to the extremely minute size of the bukovskyite erystals
fthe optical investigation in petrographic microscope was completed by
Wlectron microscopic observation, The “Tesla™ BS 242 apparatus was used
r the investigation of carbon replicas and transparent preparates. A
spension on collodion membrane was applied to the first technigue,
rbon replicas were obtained by vaporizing the specimen under 30°
gle and dissolving it in HCl. The electron microphotographs illustrate
e morphology of bukovskyite (Photos 5 and 6): its well-shaped sticky
ystals are not penetrable for electrons. Their respeclive ranges of length
grnd width are 3—15 . and 0,5—3 u. In carbon replicas the length of

‘rystals reaches 25 p and the width 7 u (Photos 7—10). The short and
ng columnar crystals are doubly terminated by pyramidal or prismatic
Eaces. Besides crystals and their fragments, a probably amorphous consti-
Tuent of bukovskyite can be observed in pholographs of the microcrystal-
Bime matrix. It forms very fine particles with irregular outline, partially
sranslucent, usually acenmulated into larger irregular aggregates or
®dhering to larger bukovskyite crystals. Heterogenous admixtures were
ot observed in the studied mounts. Electron microphotographs of carbon
Feplicas did not reveal any regular orientation of crystals on the fracture
Burface of microcrysialline aggregates.

t
v
= -
AN
. .

A B ¢

Fig. 1. Cross-section of the bukovskyite cr : L
ystals (A, B) and their
morphology (C) 4 ) c most freqiten

V. Bou3xa ef al. (1960) describe destinezite from Chvaletice as irregul
developed pseudohexagonal platelets, too. Among the destinezite crys
scarce twins of the swallow-tail type were observed that closely remind
t!lose of gypsum. The general character of destinezite crystals fro
tice can be observed in Photo 4. The erystal habit of destinezite cons

ra‘hly differs from that of bukovskyite, despite of the fact that thek
minerals are probably isostructural. Refractive indices of destinezite I
remarkably higher than those displayed by hukovskyite but slightly lower : SPECTROGRRAPHIC ANALYSES
than the values quoted for sarmientite (Table 1). A. N. WincHELL bi
H. WincneLL (1951) treat destinezite as monoclinie. Optical meas Specimens of bukovskyite collected in 1938 and 1958 were studied by
id of qualitative spectrographic analysis. Destinezite from Chvaletice and

"N
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Praha—Vysoéany was analyzed, too, for comparative purposes. Graphic
presentation of the resulls is demonstrated in Table 2.

Table 2. Qualilative spectrographic analyses of bukovskyite and destinezite

! 1
Sampie
MINERALS Ns Al [As|Ba|CalCa|Cr|Cu|Fa|Ls |Hy|ttn|Na| P |Si (Sa|Sr|Ti | V |Zn]
H . »(B¢(miw alole .L. . }Q
Bukovakpite [ 2 - a{z|=e NP .J. - . o)
3 [e][v] - _E - a|n O (e) - .
Destinazite | % Olc|e|® bt Il @] 8 2 A
5 [ Jlellel[ ) o O o|» -
RUOECESN EG0E CESDOD
.XO’. ED.XX E(0.0XZ
El X % @ 0,0X % E’ ml:?n’?gmunh

Bukovskyite: Kaiik, specimen found in 1938, microcrystalline aggregate
Bukovskyite: Kaiik, specimen found in 1958, microcrystalline aggregate
Destinezite: Chvaletice, grayish-white to grayish-yellow

Destinezite: Chvaletice, yellowish-brown

Destinezite: Chvaletice, brownish-red

Destinezite; Praha—Vysofany, grayish-white

NN

SYULR Lo

Analyst: O. Pankner; spectrograph 9 24

Besides the most important components As and Fe, higher admixture
of P and Si was found in bukovskyite. Phosphorus substitutes for arsenic
in the examined mineral in the form of (PO~ tons. Si stems from the
admixture of quartz that was identified in the insoluble residue by X-ray
methods. Among other trace elements the presence of Cr, Ti is interesting,
as well as the relatively higher admixture of Zn (0,0X 9). Both ihe older
and more recently collected specimens display similar contents of trace
elements,

Spectrographic analysis of destinezite yielded similar results; (AsO,)*~
groups are in this case substituted by (PO,)*~ ions but arsenic is also
present in very low quantities. Al, Ca, Mg, and Mn is present in larger
amounts in destinezite, two specimens contain also Ba and Sr. The majority
of these admixtures bhelongs evidently to heterogeneous impurities.

CHEMICAL COMPOSITION
Quantitative chemical analysis and its recalenlation were performed

already by A. Bukovsky (1915). According to this author, the studied
material is a combined hydrous arsenate and hydrous basic sulphate

H
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of ferric jron, Fey(AsO,), . Fe,(OH),(S80,),.16 H,0 with the molecular
ratio Fe,04: SO, : As,O;: H,0 =2 :2:1: 17. Three specimens of hukovsky-
ite were analyzed in the course of presenl investigation; two pieces of micro-
crystalline aggregates broken off of the 1938 and 1958 specimens and
aggregates of crystals separated from vugs in the microcrystalline mairix.
All analyses of bukovskyijte that have been made till now (Table 3) indieatc
| that the composition of this mineral is relatively constant;it may be also
| concluded that the examined material is homogeneous in spite of the
t fact that the analyzed specimens were collected at various dates. The

metacolloidal nature of this mineral causes probably the variations of the
waler content. The insignificant insoluble residua of large samples reach
only 0,1 %; the X-ray investigation proved that quartz is their predo-
minating eomponent.

Table 3. Chemical analyses of bukovskyite

1 2 [ 3 | 1

A. Bukavy- specimen found in

sky (1915) 1938 1958 1958
Fe,0, 30,84 31,40 30,71 32,42
AL,O, 1,43 —_ —
SO, 14,70 14,69 | 15,68 16,50
As,0, | 2081 2210 | 2162 22110
P,0, 0,40 T - —
Si0, —. 0,90 — —
MgO — 0,11 — —
Cao — 0,17 — —
H.0 28,73 50,41 31,61 28,12
Insol, 0,22 — —_ —
z [ 95,70 9% | 100,21 °4 | 99,62 o4 | 99,32 o

Analysts: 1 —~ A. Bakovsky, 2,3, and 4 — P. Povondra
1,2, and 3 ~— microcrystalline aggregate
4 — aggregale of needle-like crystals

% Because of the variable H,O content, the crystallochemical formulae
¥ were computed for the sum of cations under assumption that R+ — 2
E: (Table 4). As shown by the analysis No. 2, a small amount of Al*+ can
3§ substitute for Fe!t. The erystallochemical computations indicate that
y the ratio of the most important components is nearly constant in all
¥ analyzed specimens of bukovskyite and leads to the formula Fe!(AsO,)
8 (SO,) (OH) . 7 H,0. The number of crystal water molecules is derived
a8 from the analysis No. 4, made of the best crystallized material. In Table

B.5 the analyses of bukovskyite are compared with its theoretical compo-
b sition containing 7 and 8 molecules of erystal water; it is evident that the
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Table 4. Caleulation of crystallochemical formulae of bukovskyite 55). Microcrystalline scorodite from the medieval dumps at Kank was

I [P T e —— ently described by Z. Troriéra and V. HorrFman (1965),
1 'Y 4
:;::13,(())S 0,193 0,197 0,192 Table 5. Chemical composition of bukovskyite, sarmientite and pitticite
aUq — 0,014 —
80, 0,184 0.184 0.196 ‘1‘2!3‘4|5|5‘7‘a‘9‘m
As,04 0,091 0,096 0,094 LI
P.0, 0,003 — 32,60 31,84 | 31,71 | 30,83 | 32,70 | 31,90 | 35,20 | 36,43 | 34,85 | 35,37
H.0 1,505 1,632 1,755 -~ _ 1481 - | = — — — i =
16,35 | 15,18 | 14.79 | 15,74 | 16,64 | 15,98 | 17,84 | 18,21 | 13,01 | 18,69

lons per onit celt 23,46 | 21,491 22,32 | 21,70 | 22,20 | 22,94 | 25,32 | 22,50} 26,70 | 15,12
Jrear 200 187 ' , — | ey — | <~ | = = 2 2 T2
Al » 0=13} 2,00 2,00 | 27,59 | 31,08} 29,70 | 31,73 | 28,37 | 28,18 | 21,84 22,77| 24,54 | 30,82
S0~ 0,95 ,
gAs(‘)))3 0’9:1) 1,9¢ 0,87 1,78 1,02 2,00 1,02 100,00 (100,00 [100,00 (100,00 [100,00 (100,00 [100,00 (100,00 100,00 {100,00
PO,y 0j03f 0.1 0,98§ = 0,95

4 >
§0H)" 1,00 1,00 1,00 — Theoretical composition: Fei*(As0,)(S0,)(OH) . 7 H,0
H.0 16,51 ]7,00 15,50 |7,00 18,24 {7.00 15,38 — Bukovskyite: recalculated to 100 02,; A.‘}Em:ovsm? 21915)
N . — Bukovskyite: specimen found in 1938; recalculated to 100 9, (inicroerystalline
H.0™%) } 2,63 9 0,97 9, 2,80 o, 0.69 9 aggregate) . . ] .
i ' —- Bukovskyite: specimen found in 1958; recalculated to 100 9; (microcrystalline
aggregate)

) . ; . . <
) ‘The water expressed as adsorbed water in % — Bukovskyite: specimen found in 1958; recalculated to 100 9, (aggregates of

needle-like crystals)
— Theoretical composition: Fe;*(AsO%SO‘) (OH) . 8 H,0
—-Theoretical composition: Fej*(As0,)(S0,)(OH) . 5 H,0
— Sarmientite: Santa Elena Mine, Alcaparrosa, Argentina; recalculaled to 100 9
i after deduction of 0,27 ¢, Ca0; V. ANGELELLI and S, G. GorDoN (1941)
9 — Pitticite: Schwarzenberg, Saxony (in Cn. PAaLAcHE ef al. 1951)
— Pitticite: Manhattan, Nevadg, USA (in CH. PALAcHE ef al. 1951)

Crystallochemical formulae:

A1 — Ff}*(SO‘, AsOy, POY,,(0H) . 7 H,0 (2,63 % H,07)
,l — (Fe™, ADy(SO,, AsO),(OH) . 7 H,0 (0,97 % H,0™)

3 — Tet'(SO,, AsO)u0(OH) . 7 H,0 (2,89 9% H,0M)
4 —— Tep (80, As0),,,;(0OH) . 7 H.O (0,69 o, H,0™)

Density of bukovskyite was determined by aid of pycnometer in destilled
ater at 22 °C. The measured value G = 2,334 is nearly identical with
at already found by A. Bukovsky (1915) — 2,34. Densities of somc
imilar minerals are quoted in Table 6. These data show that the density
bukovskyite evidently differs from that of sarmientite and scorodite
t ranges well among these of pitticite and destinezite.

analyses of the microerystalline aggregates approach closely the compc:»;g
sitton with 8 H,0. This is caused by the more pronounced metacolloida.
nature of these specimens. Calculating formulae the excess of water oy
7 molecules was considered to be adsorbed. The X-ray investigéﬁ:
of }}ig]wl' hydrates of both bukovskyite and its phosphate analogue desti
nezite indicate their lowér degree of crystallinity, illustrated on X-ra
photographs by low number of reflections and their difiuse charactef

Besides the above caleulations, in Table 5 the chemical composition T able 6. Density of bukovskyite and some related minerals

bukovskyite is compared with that of the related minerals sarmient
and pitticite. Sarmientite differs from bukovskyite in containing only;? Minerad | s Author
molecules of crystal water. Some chemical analyses quoted by CH. PALX Bukovskyite 2,334 | this paper
cHE, I. BERMAN and C. FronpEer (1951) are closely similar to thoseib g“‘“;?g?g“"“i"e
bukovskyite and sarmientite. These pitticites (Table 5, Nos. 9 and 10 Fikoyskyite 2,34 A. Bukovsky (1915)
may be considered to be colloidal equivalents of bukevskyite and sarmi Sarmientite 258 g éNgE;fS]:;: ?111)‘%11)
entite. Their colloidal character enables frequent deviations of th Pitticite 2225 | Cun. Paracre,
composition from constant stoechiometric ratios. Some pitticites, i El'f?nizﬁ:rh’fl%?i)
example, contain only wery low percentages of SO, and are regarded|ds g’ef‘ti‘(“‘?tz“e 253“52'4 ‘

corodite 3 ”

impure hydrolyzed scorodites (A. G. BETERHTIN 1950, F. V. CHUxHRGY
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INFRARED SPECTRA '

Bukovskyite and some otiher strueturally and chemically related minerals
were studied by aid of infrared absorption analysis. The curves obtained
are demonstrated in Fig. 3. The samples were finely powdered and homo-
genized with Nujol, with cxception of the specimen No. 1 that was mixed
with KBr, carefully prepared for infrared analysis. The study by C. J.
Brester (1924) can be used as a basis for ireatment of our results. The
anthor determined in the range of NaCl-prism four charactervistic vibrations
for ihe tetrahedral groups of the X0, type thal can be applied also to
compounds that contain anions of this type in their structure:

1. symetrical valence vibratious A,, inactive for infrared radiation,

2. triply degencrated valence vibrations F, [»(a)] — bands of highest
frequencies in the range below 1300 cm™1, active for infrared radiation,

3. doubly degenerated deformation vibrations E, inactive for infrared
radiation,

4. triply degenerated deformation vibrations F, [ (a)] — active for
infrared radiation.

As shown above, the active vibrations sub 2) and 4) are the only signi-
ficant for the identification by infrared analysis. It must be, however,
stressed again, that these conclusions were arrived at and are valid only
for free molecules of the described tetrahedral type but the application
to compounds containing them is also possible. It must be taken inte
account that the examined minerals are complex compounds of various
anions and cations; the individual vibration frequencies may be shifted
and their intensities changed.

By aid of numerous published data and his own experiments, H. MoEnkE
(1962) schematized the positions of absorption bands of some compounds
containing X0, type anions; we are particularly interested in absorption
bands of sulphates,
arsenates and phospha-
tes that compose the

Fig. 2 for the wave-
lengths in the range of

— : . ) NaCl-prism, i. e. bet-
L 1400 1400 000 Tooen ween 700 and 1800 cm
The deformation vibra-
tions of H,0 that occur
at 1640 cm? are also

Deformation vibrations
of Ho0

A )

" Fig,. 2. Locatjon of frequencies of (X0,) and H,O links
in the range 700-~1800 cm™ in the infrared radiation
(arranged according to C. J. Brester 1924)

Sulphates —— analyzed minerals. The
Arsenales - positions of these bands
Phosphates —_— are demonstrated in

¥ ot bukovskyite and some related

®  1KS 14, NaCl and Lil* prisms

al
E: ) Harvard Mineralogical Museum 2000 1500 1200 1400 1200 1000 ao8
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shown in this picture. The absorption band of valence vibrations of the (OH)
group is not included; it lays well in the range of LiF-prism,was songht
for only in bukovskyite and found as a weak band at 3300 cm L Accor-
ding to the analysis described above the following ahsorption bands can
be ascribed to bukovskyite:

851 em™ valence oscillation of (AsO)?~
1099 cm? valence oscillation of (80,)*
(997) em™
1408 cm™
1648 cm? deformation osciliation of H,0

Following minerals were studied in the infrared for comparison: sarmien-
tite from the type locality Santa Elena, Argentina (HMM?) 97719), destine-
zite from Praha—Vysodany, Bohemia, and pitticite from Olovi, Western
Bohemia (Fig. 8). The ana-
lyzed specimen of “sarmien- 7 [ 1 [ 7 [ |a
tite’ shows an absorption p
curve very similar to that of
coquimbite. The absorption
bands indicate a very low |
(As0,)*~ content in sharp
contrast wilh the chemical
composition of this species
quoted by V. ANGELELLI and
S. G. Gorpon (1941). A more
detailed discussion of this
specimen follows in the chap-
ter dealing with the X-ray
examination,

- 'W%

T

1052
Rill-3

\ e
w28 ‘};
o1

Fig. 3. Infrared absorption carves

minerals: 1 — RBukovskyite:
Kaiik (specimen found in 1938);
2 — Destinezite; Praha—Vyso-
dany; 3 — Pitticite: Olovi, We-
stern Bohemia; 4 —‘““Sarmientite”
(= ecoquimbite): Santa FElena,
Alcaparrosa, Argentina
(HMM 977198)

Technical conditions: Apparatus
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THERMAL INVESTIGATION

Thermal behaviour of bukovskyite in the range 20—1000 °C was studied
by aid of classic thermogravimetric and differential thermal apparatus
(Figs. 4 and 5), as well as with “Derivatograph” (Figs. 6 and 7). A series

454 %
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of thermal curves obtained from
various specimens of this mineral
is nearly identical. Two destine-
zite specimens — from Chvale-
tice and Praha—Vysolany —
were also analyzed (Fig. 5).
Two evident weight Ilosses
recorded by the thermogravi-
metric curve of bukovskyite
(Fig. 4) correspond to two
strong endothermal maxima of

Fig. 4. Thermogravimetric curve of
hukovskyite from Karik

Fig. 5. Differential thermal! curves

of bukovskyite from Kaiik (1,2) and

destinezite from Chvaletice (3) and
Praha—Vysolany (4).

1 — Bukovskyite from Kank, spe-
citnen found in 1938

2 — Bukovskyite from Kaiik, spe-
cimen found in 1958

The curves were obtained on an

automatic apparatus under following

conditions: a Pt—Pt/Rh thermo-

couple, heating rate 11 °C/1 min.,

fnert standert the Ignited Al,O,,

weight of ﬂnel% 2powdered sample

28

NPT
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the d. t. a. curve (¥ig. 5). The first, larger weighl loss lakes place in ihe
range 50—--350 °C; it agrees well with the loss of crystal water and probably

. also of the hydroxyl groups, since the 1otal loss equals to all water deter-

mined by chemical analysis. In curves obtained al low sensibility of the
apparatus (Fig. 5) this loss is recorded as an endothermal doublet. The
frst rcaction culminating at 130 °C correlates probably with the loss of
erystal water, The second, shallower endotherm at 180 °C might be caused
by dehydroxylation of the specimen, following immediately after the first
reaction. The highly sensible arrangement of the apparatures leads to
a combined, unresolved broad effect with a common peak at 180 °C.
A stepped dehydration was observed also on destinezite. (V. Bouika
ef al. 1960) and can he traced in the d. t. a. curves of this mineral demon-
strated here, too (Fig. 5). Doubling of the first, strong endothermal effect

18 characteristic also for co-
quimbite and quenstedtite (F.
CESBRON 1964).

‘The second, smaller but
sharply limited weight loss
occurs at 630—760°C. It is

caused by Lthe escape of gaseous
dissociation products of ferric
sulphate. In Table 7 the ther-
mogravimetric wight losses are
compared with the H,0 and
SO, contents delermined che-
mically. A similar step illu-
strative for the decomposition
of ferric sulphate and of the

Fig. 6. Thermal data for bukov-
skyite from Kaiik, specimen found
in 1958. DTG — first derivative
curve of the thermobalance curve;

~ DTA — differential thermal curve;

TG — thermobalanee curve

' Thermalt analyses were performed
* in the fully automatic “Derivato-

graph” produced by ORION, Bn-
dapest. \Weight of sample 750 mg,
inert substance 750 mg. AlLO,,
DTA sensibility 1/6 500, DTG
1/10 — 100, 110 V. Temperature

' measured in the sample. The same

thermal data give the specimen of
bukovskyite found in 1238,

Fercent weight foss
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SO, escape can be observed also on thermogravimelric curves of destine-
zite (V. Bouska éf al. 1960).

Discussion of the d. t. a. curves of bukovskyite is a little more compli-
cated and needs further study. The endothermal cffects were already
commented above. In the range 600—660 °C sharp endoihermal effects
oecur at 615 and 645 °C (Fig. 5, No. 1) and at 630 and 660 °C (Fig. 5, No. 2).
These reactions might be aseribed to the crystallization of complex oxy-
sulphates and arsenates of iron; the final reaction product is probably
Ie,0,. FeAsO, is decomposed presumably at temperatures higher than
1000 °C. In the range 800—1000 °C. small and diffuse exothermal reactions
can be observed with ma-
xima centered at 840 °C
(crystallization of IFe,0,47),
925, and 975 °C.

The d. t. a. curves of
destinezite (¥ig. 5, Nos. 3
and 4) agree closely with
those of bukovskyite. The
most important difference
is in the first endothermal
trough. This is shifted to
higher temperatures for
destinezite and evidently
doubled; peaks culminate
at 170 and 230—245 °C.

0 10 20 30 40 50

] T T T T T

40

L L

all, |LJ\_”

| L J ||L_|_

Fig., 7. Diagranunatic X-ray
powder patterns of bukov-
skyite, sarmientite and desti-
nezite:

1 — Bukovskyite: Kaiik, 2 —
Sarmientite: Santa ElenaMine,
Alcaparrosa, Argentina; 3 —
Destinezite, grayish-white to
vellowish-gray: Chvaletice;
4 —Destinezite, reddish-brown
with yellowish-brown surface:
Chvaletice; 5 — Destinezite,
. reddish-brown: Chvaletice,

Technical conditions: Speci-
mens Nos. 1,.3,4 and 5 were
photographed by aid of Cu-
-radiation in the Guinier —
de Wolff camera, No. 2 with
Fe-radiation in the 114,59 mm.

diameter camera.

L
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The second reaction is more pronounced in destinezite; this may be
caused by its lower content of crystal water.

Thermal behaviour of scorodite differs from that of bukovskyite. Its
d. t. a. curve displays a strong endotherm in the 200—300 °C range and
a medium exothermal effect at 500—600°C (V. P. Ivanova 1961, Z.
TroLiéka and V. HorrMan 1965). Thermal properties of sarmientite and
pitticite have not been studied up to the present.

Table 7. Comparison of weight losses derived from
thermogravimetric curves with the Hy,O and SO, contents
found chemically

Loss of welght on the

(hermubalance record Chemienl wnalysts (No. 3)

Lec % Yo

0—340 31,58 31,61 H,0
340—730 15,62 15,68 50,

z 47,20 47,29 X

Chemical analysis (Nos, 1 and 2)

0—380 29,33 29,41 30,10 H,0
380—800 14,74 14,69 14,70 S0,
z 44,07 44,10 44,80 P

The d. t. a. curves of diadochite from Ianska Bel4, Slovakia, and from
Chium, near BeneSov, Central Bohemia (J. Jarkovsky and B. CiteL
1958, V. Bouskas ef al. 1960) are similar to those of destinezile, with
exeeption of the second endothermal reaclion that is rather ili-defined or
completely absent. In our opinion this is caused by the colloidal nature
of this mineral. We observed a considerable decrease of this second e¢ndo-
therm also on destinezite with Jower crysiallinity and higher content of
colloidal phase. Our examination proved that diadochite from Chlunm
is quite X-ray amorphous. Diadochite from Banska Beld shows some
.. diffuse reflections in X-ray records (J. JarxovskY and B. Ci¢rr 1958)
E: that might be corrclated with the strongest reflections of destinezite;
** they indicate the presence of a small amount of crystalline phasc.

X-RAY POWDER DATA

; With regard to the microcrystalline character of bukovskyite the X-ray
&4 investigation was performed only by aid of powder methods, using the
cylindrical cameras with 57,3 and 114,59 mm. diameters and the Guinier-de

Wolff camera (Tables 8 and 9). The latter camera was used also for com-
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parison of bukovskyite with the chemically and structurally related
minerals, particularly with destinezite, diadochite, sarmientite and pitti-
cite.

X-ray powder diagrams of bukovskyite indicate that this species is an
independent, homogencous and crystalline mineral. This is shown by very
similar X-ray records of specimens that were collected at various dates
(Table 8). The X-ray powder diagrams are characterized especially by the
very strong doublet at around 9,6 and 9,2 A. Difiractograph records of
bukovskyite (Fig. 9), show in addition, a doubling of the latter line with
a strong 9,31 A peak and a weak 9,03 A reflection. It is very difficult to

Table 8. X-ray powder diffraction data for bukovskyite from Kaiik?)

1 3 1 2
1 acty 1 | d( Ay 1| ad) I I acd)
10 9,56 10 | o960 2 2,333
10 9,16 10 9,21 1 2,288 2 2,296
5 8.84 8 8,84 1 2,958 5 2263
3 5.48 6 548 1 2.239 1 2:241
6 5,30 8 5,30 1 2174 05| 2179
1b 1792 3 4,805 05| 2159
3 4,667 7 1,667 05! 2142
3 4,583 7 1607 1 2,116 1 2118
6 4,458 9 4,480 1 2,083 2 /090
2 4,267 5 4,287 6 2,063
0,5 4,168 1b 2,045 6 2,045
0,5 4,019 1 4,028 1 2,002 05| 2,009
7 3,897 9 3,914 1 1,982 3 1,984
6 3,660 8 3,679 1 1,963 05| 1967
7 3,587 9 3,601 1 1,943 2 1,947
5 3,312 8 3,318 05| 1,928
3 3,264 7 3,270 1 1,918
2 3,206 7 3,212 1 1,898
1 3,066 7 3,066 1 1,383
ib 3,040 4 3,046 2 1,849 4 1,854
1 3,020 1 1,797 1 1,806
1 2,081 5 2,991 1 1,773 2 1778
0,5 2,933 05| 1767
2b 2,820 4 2'829 1 1,742 05| 1,743
3 2740 7 2,749 1 1,726 4 1,728
2 2712 7 2794 1 1,705 3 1,710
2 2,653 7 2,661 1 1,685 05| 1,688
0,5 2608 1 2,616 3 1,660 6 1,661
0,5 2,440 1 1,646
4 2,443 7 2,543 1b 1,609
5 2,434 1b 1,550
1 2,303 4 3,402 1 1,529 05| 1,529
1 2363 4 2,363 1b 1,511
L 2b 1,463 1,462

') Guinier — de Wolff camera, Cu-radiation
1 — specimen found in 1938
2 — specimen found in 1958
b = bread line

BUKOVSKYITE — A NEW MINERAL 315
deduce the symmetry of bukovskyite from its X-ray powder data, since
this species belongs probably to the monoelinic or triclinic system. Certain
similarity may be observed hetween the X-ray tracings of bukovskyite
and destinezite. Graphi¢ demonstration of the powder diagrams of bukov-
skyite, sarmientite and destinezite was used to enable an easier compa-
rison of these minerals (Fig. 7). The doublet of lines with the lowest 20

w LI |l|h||v 1]

1 l I N 4

[ {
10 20 30 40 50 60 70 40

Tig. 9. Graphic demonstration of the diffractometer record of bukovskyite from
Fig Grak Kank (Ca-radiation).

angles is shifted towards higher angles in destinezite diagrams. J. Tous-
sarnT and J. MELon (1955) index the first strong line of 1his species with
d = 88 A as 010 and consider its unit cell to be triclinic:

a, = 9,61 A b, = 10,27 A ¢, = 17,36 A
a = 8145 p = 108°1 y = 12114

Assuming that bukovskyite is isosiructural with destinezite and tri-
clinic, its unit cell dimensions are evidently larger as shown by the present
X-ray powder diffraction data. This expansion of the unit cell of bukov-
skyite is connected with the higher percentage of crystal water and pro-
bably also with the substitution (PO~ -— (AsO,).

Three X-ray powder diffraction pholographs of destinezite from Praha—
—Vysotany and four diagrams of this species collected at Chvaletice
(Table 10) are nearly identical, differing only in absence or low intensity
of some lines. This phenomenon may be explained by the variable crystal-
linity of the examined specimens. From this point of view, specimen No. 7
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Tuable 9. Comparison of the X-ray powder diffraction data for bukovskyite from
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KRatik and sarmientite from Santa Elena, Alcaparrosa, Argentina

Rulwvskyile Kank, ncar Kntna Iara uéﬂﬁ“ﬁ?ﬂéﬁz | I}l{i‘{}li:}%if)
_ . —— e e e =
T awy [ acty 1 | dcA) I | ded)
1 \ 1,1 05| 11,0
1 10,0
10 9,9 10 9,6 ) 051
9,1 10 9,2
10 1 10 7 8.43 05| 856
0,5 7,7 0,5 7.68 05| 7,68
0,5 6,5 2 6,59 .
’ 5 6,06 2 6,19
0,5 5.66 5 s%,gz!
3 5,40 5 55
X 5,99 1 5,29
5 5,92 4 1 520 . .
L8
05 98 6 4,817 4 4,787
5 8 4,602
3 4,57 1 4,565 0 4’221
1 4,440 2 4,440 5 4,423
? ﬁg 3 4,958 10 4,210 1 4,958
0.5 4127
2 4,05 ’ 4 4,090
’ 5 4,990 1 $.990
: 3,882 0,5 3,869
8 3,88 7 0 3860 -
; 3,6¢ 4,671 1 ,69:
6 269 3 ’ 0,5 3,636 7 3,602
' 5 3,569 3 3,047
; 57 0.5 3545 N P 3,472
0,5 3,36 5 3,401
1 3,31 2 3,302 5 3,304
0,5 3,27 0.5 3247 2 3,203 6 3,230
’ i 3186 7 3,189
4 3,118 9 3(1)28
3,07 8 3,069 6 3,037 5 3,
13 3,00 3 2,960 0,5 2,908 i 2,974
' 1 2:901 P 2,908
4 2,839 2 2.853
) 2,81 2 2,806 1 2,812
3 2,73 2 2737 | 05 2,760 | 1 2,772
1 2,67 4 %,223 0,5 2,673
2°6- 5 2,655 4 . }
: /62 3,5 2501 8 2,575 4 2,586
9o 3’536 8 2,505
2,50 1 2,500 ] 515 2,505
2,44 9 2,442 2 1420
os | zme |4 | 2
336 | At 2,936 2 ) .
Al 5336 A 2 2,336 ‘o
26 2 2,954 ,
I0.5 2,26 2 2254 1 o
5 2,18 0,5 2174 ,
8:3 211 2'vb 2119 05 2126

v
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Table 9. (Conlinued)

Bukovskyile Kank, near Kuini MHora Uss‘:\:nﬁ[%lslér% ‘Ef}v‘i’{iilg;‘;;g
1 2 3 4
1 dedy [ | ddd) 1 dcd) H 1 a4
1 2,05 1 2,051 1 2,051 2 2,030
Al 2,02 Al 2,024 2 2,024 2 2,007
1 1,98 0,5 1,980 0,5 1,998 3 1,983
2 1,970
0,5 1,95 1 1,940- 0,5 1,949 1 1,952
0,5 1, 0,5 1,509 4 1,934
0,5 1,89 0,h 1,885 0,5 1,897
2 1,85 3 1,850 2 1,858 2 1,868
6 1,846
0,5 1,81 0,5 1,810 1 1,816 4 1,801
1 1,792
0,5 1,77 0,5 1,769 0,5 1,761
1 1,74 1b 1,750 0,5 1,748
0,5 1,72 1 1,729 1 1,722 1 1,732
2 1,710 0,5 1,706 3 1,712
0,5 1,687
3 1,67 0,5 1,666 2 1,664 4 1,668
1 1,64 0,5 1,632 0,5 1,654 4 1,642
1 1,610 2 1,622 4 1,617
0,5 1,59 0,5 1,584 3b 1,682
1 1,56 0,5 1,560 1 1,554 1 1,564
4 1,53 2 1,627 0,5 1,530 2 1,540
0,5 1,51 0,5 1,515 0,5 1,525 0,5 1,518
1 1,500 1 1,505
1b 1,479 2 1,487
3 1,47 2 1,465 1b 1,459 Ivh 1,457
Al 1,432 Al 1,432 1 1,437 1vhb 1,432
- 1 1,413 0,5 1,410
0,5 1,404
0,5 1,387 2 1,376
1 1,360 2 1,364

No. 2 ~— 114,59 mm. camera.

anis-type photograph.
b = broad line, vb — very broad line

colloidal phase.

1 and 2 — Fe/Mn-radiation, Al internal standard; No.

1—57,3 mm. camera,

3 and 4 — Wilson technique, Fe/Mn-radiation, intensities according to a Stranm-

" is to be regarded as that with lowest degree of crystallinity; only the 3,93
and 2,94 A lines retain a higher intensity. The same features can be obser-
ved 2lso on X-ray records of bukovskyite. The earthy and powdery forms

y of this mineral yield much poorer X-ray photographs; their higher water

content is cansed most probably by the presence of some amount of

Sarmientite was the object of our particular interest sinee this species
] is crystalline, chemieally close to bukovskyite, and has not been studied
by X-rays. From Dr. Mary E. Mrose, U.S. Geological Survey, Washington,
§ we obtained by the courtesy of Dr. F. Cech the type specimen of yellow




Table 10, X-ray powder diffraction data for destinezite from Praha—\ysotany and Chvaletice

81

1 | 2 3 4 5 6 ) 7
1 acd) [ | ded) 1 d(4) roj o db 1| ad I aity | 1 )
7 8,75 8 8,75 9 8,75 8 8,75 9 8,75 9 8,79 4 8,75
8 8,22 8 8,26 9 8,26 8 8,30 9 8,22 9 8,22 4 8,26
2 ;,ig 0,5 7,93 3 7,89 1 7,86 2 7,89 0,5 7,82 0,5 7,89
1 ,
2 6,91 1 6,96 2 6,99 0,5 6,96 2 8,96 1 6,99
3 6,88 2 6,12 | 4 6,13 2 6,15 2 6,10 1 6,15
1 5,86
4 5,47 3 5,48 5 5,50 3 5,54 4 5,50 1 5,52 0,5 5,62 =
2 5,35 1 5,40 4 5,42 2 5,40 2 5,37 z
2 i,g2 1 5,04 3 5,02 1 5,04 3 5,04 0,5 5,04 0,5 5,02 5
1 ,870 =
3 4,704 2 4,741 3 4,729 4 4,729 2 4,716 0,5 4,754 14
1 4,607 0,5 4,619 1 4,681 0,5 4,619 =
8 2,51&60 8 4,371 9 4,371 8 4,371 9 4,360 8 4,360 4 4,371 z
1 ,101 :
7 4,064 9 4,073 9 4,083 8 4,083 9 4,084 8 4,073 4 4,083 s
10 3,914 | 10 3,922 | 10 3,922 | 10 3,922 | 10 3,914 9 3,922 8 3,031 =
1 3,720 | 0,5 3735 | 0,5 3,735 05| 3,751 1 3,735 .
2 3,638 2 3,645 4 3,652 2 3,660 3 3,638 1 3,638 1 3,645 -
1 3,559 0,5 3,566 1 3,573 1 3,573 3 3,573 0,5 3,573 5
4 3,470 4 3,377 5 3,483 5 3,483 6 3,470 3 g,igi 2 3,483 =
1 y =
1 3,324 0,5 3,330 0,5 3,324 g
1 3,252 s
4b 3,201 5 3,206 6 3,206 5 3,206 5 3,206 4 3,218 3 3,218 é
2 3,108 0,5 3,124 2 3,124 1 3,118 2 3,118 0,5 3,124 z
? g,O?l 3 3,071 4D 3,082 2 3,076 4b 3,076 5h 3,076 0,5 3,076 ks
,046 3
10 2,928 8 2,038 18 2,943 10 2,938 10 2,938 9 2,938 9 2,943 5
2 2,806 1 2,914 3 2,910 1 2,910 2 2,910 ib 2,910 0,5 2,919 —
2 2,833 1 2,846 2 2,846 1 2,838 3 2,846 2b 2,825 3
3 2,769 1 2,773 0,5 2,782
2b 2,704 1 2,716 1b 2,704 1b 2,720 3 2,720 &
%
s
%
l =
f %,ggg 1 2,594 2 2,601 1 2,697 3 2,597 0,5 2,597 %
¥
2 | 2513 1 2,523 05| 2516 5
1 2,453 0,5 2.463 | i 7
2 2,412 1 2,415 2 2,412 : =
2 2,354 0,5 2,360 i =
2 2,305 | 05 2,310 | 2 2,313 2 2,316 | |
2 2,271 i 0,5 2,277 . | >
3 2,249 | 1 2,258 1 . 2,255 0,5 2,258 2 - 2,258 | z
1 2,225 ' i &
1 | 2187 | %
1 2,162 -B
1 21118 05 | 2,120 z
1 2,092 -
3 2,074 1 2,072 2 2,074 1 2,072 2 2,072 =
2 2,039 0,5 2,041 1 2,039 0,5 2,032 1 2,039
3 2,000 1 1,996 2 1,998 ib 1,998 2 1,998
1 1,959
i 1,916 ! |
1 1,901 ' 0,5 1,907
2 1,861 : 1 1,861
2 1,826 1 1,823
1 1,796
2 1,748 1 1,745
2 1,713
1 1,692
1 1,875
i
*) Guiner de-Wolfl camera, Cu-radiation e
1,2, and 3 — Destinezite: Praha—Vysolany, grayish-white, microcrystalline
5,6, and 7 — Destinezite: Chvaletice (5 — grayish-white to yellowish-gray, 6 — reddigsh-brown with yellowish-brown suriace,
. 7 — brick reddish-brown)
Specimens Nos. 2 and 4 are those used in the study of V. Bouska ef al. (1960). bt
b == broad line @
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Lo orange-yellow sarmientite from the collcetion of the Harvard Mineralo-
gical Museum (HMM No. 97719), As demonstraied in Table 11 and Fig. §,
d-spacings of this specimen show a distinct relation to those of coquimbite
(ASTM 1953%)). The inirared absorption curve and qualitative spcctro-
graphic analysis suggest alse Lhe identity with coquimbile. I'e was the
only substantial clement found, Si is present in subordinale amount;
As and Al, Cd, Cu, Mg, Mn accur in this specimen only in minor quantities.
These facts indicate thai the spectmen under $tudy is not sarmientite
described by V. ANcELELLI and S, G. Gorpon (1941) but probably predomi-
nantly coquimbite. Therefore Dr. Mary E. Mrose was asked for some other
specimens. Two X-ray powder photographs were sent to us, both taken
with the Fe/Mn radiation in the 114,59 mm, diameter camera (Table 9).
The diagram of sarmientite from the Harvard Mineralogical Museum
(HMM No. 97719) yields d-spacing Lhat are very close to those ohtained
in the course of our study; the phase prevailing in the examined material
is prohably again coquimbite. The second X-ray photograph of sarmientite

Table 11. Comparison of X-ray powder diffraction patterns of “‘sarnientite’” from
; Santa ilena, Argentina?) and coquimbite

“sarmientite’” Coquimbite “Sarmicontite™ Coquimbite
(1IMM 97719) ASTY (1640) (HMM 97719) ASTM (1945)
1 aky L acky 1 doy 1 l A(d)
1 6,21 2 2,336 ‘
3 , 5,84 3 3,96 1 2,263 7 2,26
0,5 5.52 4 5,65 1 2,162
10 4,993 D! 508 - 1 2,070
1 1741 0,5 2,026
1 4,436 1 2,002
1 4,083 1 1,971 8 1,98
1 3,690 1 3,67 0,5 1,945
4 3,601 2 3,53 1 1,930 5 1,93
2 3,235 0,5 1,866 5 1,88
3 3,201 3 1,843 8 1,83
5 3,156 2 1,794 1 1,77
7 3118 10 3,12 1 1,732 1 1,74
1 3,076 9. 3,06 1 1,708 2 1,72
1 2,914 4 2,99 1 1,667 1 1,69
1 2,842 5 2,83 1 | 1,639
3 2,70 1 1,612 4 1,62
1 2,576 5 2,54 1b 1,576 4 1,59
4 2,496 ih 1,561 4 1,56

1) Guinier — de Wolff camera, Cu-radiation b == broad line

®) It must be stressed on tliis oceasion that X-ray powder data for coquimbite

quoted in literature display considerable ditferences, e.g., d-spacings in tables AsTy |

(1953) with those by K. Omor1 and P. Kerr (1964). Cogunimbife from Copiapo,

Chile, studied in the X-ray Iaboratory of the Institute of Mineral Raw Materials;

Kutn4 Hora, gave also different resulls (Dr. Z. Trdlitka, personal communjeation).

o iy A

[ -Scherrer method,

tion,
~ camera, Specimen No. 9 —
- Guinter — de Wolfl camera, ! 1 L . ! {
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from the collection of the U.S. National Museum, Washington (No.
105682) gave an cntirely different results. This specimen corresponds
probably with the actual type sarmientile (Table 9, No. 3). Some sirong
lines on this record — e. g., 9,2, 4,21 and 3,04 A — are present also on
X-ray photographs of bukovskyite, but the general character of these
patterns is definitely different. Refractive indices, density, X-ray powder
data, and somc other properties indicate that the difference in water
content of bukovskyite and sarmientitc is snfficient for distinguishing
them as independent mineral species.

Specimens of pitticite from Freiberg, Saxony, and Ptihram, Bohemia,
were loaned for X-ray in-

vestigation from the col- 0 20 0 40 S0 & 70 48
lection of the National T ' ! ) ! ! T
Museum, Praha. No di-

stinct reflections could be §

observed on the dark
background of their X-ray

|- Jl_ljl ' “ ._JL__ILL_J

i
b

Fig. 8. Diagrammatic X-ray
powder patterns ot bukavsky-
ite and coquimbite. 6—7 —
Buko skyite: Kafk; §—9 —
Coquimbite (?) labelled as
“sarmientite’’ in the collecti-
on of HMM: Santa Elena Mine,
Alcaparrosa, Argentina; 10 —
Coquimbite: ASTM 1953

‘l'echnical conditions: Speci-
men No. 6 — Debye-Scherrer 10
method, Fe-radiation, Speci-

mens Nos. 7 and 8 — Debye- ” | |

Fe-radia-
diameter

114.59 mm.

Cu-radiation, 0 10 20 30 40 50 &0 70
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photographs. The same is true for diadochite from Chlum, near BeneSov,
Bohemia. Therefore pitticite and diadechite may be considered to be
X-ray amorphous, colloidal equivalents of bukovskyite, sarmientite and
destinezite.

Sumarizing the results of the X-ray powder study we may state that
destinezite, bukovskyite and sarmientite are definitely crystalline and
can be distinguished by their different X-ray powder patterns. Pitticite
and diadochite are X-ray amorphous and represent probably the colloidal
analoga of the above minerals. The specimen deposited in the collection
of the Harvard Mineralogical Museum and labelled ‘‘sarmientite’ is most
probably coquimbite. The X-ray patterns of bukovskyite, sarmientite
and destinezite show some similarities. A doublet of strong lines between
8—10 A is characteristic for bukovskyite and destinezite. Destinezite and
sarmientite were regarded as monoclinic till now; the results of recent
investigation indicate rather triclinic symmetry.

POSITION O¥ BUKOVSKYITE IN THE MINERALOGICAL SYSTEM

It is difficult to find a place for bukovskyite in the mineralogical system,
since no separate group was established for compounds of this type.
F. Strunz (1966) arranges similar minerals destinezite and pitticite
preliminarly i{o the strunzite-beraunite group. The main obstacle for
classification of bukovskyite and related minerals is the unfinished struc-
tural investigation of these species.

The chemical and X-ray study of bukovskyile and destinezite indicates
that both minerals are crystalline and well-defined from the chemical
point of view. Bukovskyite is chemically analogous to destinezite, differing
mainly in the anionic position: (PO, groups are substituted by (AsO,)*-
ions. It contains also a higher percentage of erystal water. The miero-
crystalline to metacolloidal character of both these minerals influences
only the varying amount of molecular water in these compounds. The

presence of (PO,)*~ groups in bukovskyite and pitticite and, on the con-

trary, the admixture of (AsO,)*~ ions in the destinezite-diadochite series
suggests a possibility of isomorphous mixing between these two mineral
groups. This might be an analogous case of the diadochic (AsO)*~ and
(PO,)*~ substitution as for example the scorodite group. A phosphorus-rich

member of this series was described that contains 16,03 %, P,0, (phospho- .
scorodite of T. N. SHADLUN and Ju. S. NESTEROvA 1947). Since destinezite

and bukovskyite are the relatively best defined and examined members

of this mineral group, we propose to establish a new separate destinezite — 3§

hukevskyite group, as shown in the following schema:

. BouSka V., Lazarenko E. K,
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Destinezile

Fe,(PO,)(SO)(OL) . 5 H,0®)
monoclinic or triclinic (?)
microcrystalline, metacolloidal

Sarmientite
Fe,(As0,)(SO)OH). b H,0
monoclinic (?)
microerystalline

Bukovskyite ?
Fe{AsD)(S0)OH) . 7 H,0
moneoclinic (?) .
microcrystalline, metacoloidal

Diadaochite
Fey(POY(SO0,)(OH) . n H,0
X-ray amorphous
colloidat

Pitticite
Fe.(AsO,)(SO)(OH) . n HLO
X-ray amorphous

colloidal

8) F. Sravik (1948) ascribes 6 molecules of crystal waler to destinezite.

ACKNOWLEDGEMENTS

The authors wish to express their gratitude to Miss Dr. Mary E. Mrose
(U.S. Geological Survey, Washington, D.C.) for the specimen and X-ray
photographs of sarmientite from its type locality and to Dr. K. Tugek
and-Dr, V., Sipek (Dept. of Mineralogy, National Museum, Praha) for the
loan of several pitticite and diadochite specimens for X-ray study. They
owe their thanks also to Dr. E. Fediukova (Geological Survey of Czecho-
slovakia, Praha) for the determination of refractive indices of bukovskyite.
The stafl of the physico-chemical laboratory, Institute of Mineral Raw
Materials, Kutna Hora, particularly Dr. J. Seveiy, O. Paukner and Ing. J.
Kropacek, made kindly the X-ray photographs, spectrographic analyses,
d. t. a. curves, anad eleciron microphotographs. The authors are particularly
indebted 1o Dr. F. Cech (Dept. of Mineralogy, Geochemistry and Crystallo-
graphy, Charles University, Praha) for critical reading of the maunuseript
and many valuable comments.

Manuseript received, March 21, 1966

REFERENCES

AstM — American Society for Testing Materials (1953): X-ray diffraction data
cards, -— Philadelphia.

ANGELELLI V., GorpoN S. G. (1941): Notulae Naturae Acad. Nat. Sci. Philadelphia,

92, 4. (Ref. in Amer. Mineral., 1942, 27, 333).
BETEKHTIN A. G. (1950): Mineralogy. — Moscow (in Russian).
Meinix Ju. M., SuAnsky E. (1860): Pispévek
k poznani destinezitu. — Acta Univ. Carolinae, Geol., 1960, No. 2, 127—152,

! BresTER C. J. (1924): Kristallsymetrie und Reststrahlen. — Dissertation, Utrecht,



324 FRANTISEK NOVAXK, PAVEL POVONDRA, JIftf VIELENSKY

Buxovsk? A. (1901): Nové nerosty kutnohorské, — Vé&st. T, sjezdu Ees. prirodo-
zpytch a lékard v Praze, 293.

Ruxovsky A. (1915); Jedovi hlinka lkutnoliorskd. — Dvandcta vyrodni zprdva e, k,
stdt. redlky v Nymburee za tkol. rok 1914—15, 3— 4.

CesvroN I, (1964): Confribution 3 la Mineralogie des sulfates de fer hydratés, -—
Bull. Soc, frane. Min, Crist., 87, 125—143.

Cuuxnrov F. V. (1955): Colloids in the earth crust. — Moscow (in Russian).

Frierscrer M. (1942): New minerals names. —~ Amer. Mineral., 27, 333.

GERrMaN L. D. (1956): On destinezite from the oxidation zone of the pyrite deposit
Blyava in Southern Ural. — Mem. All-Union Min. Soc., 85, 574—577 (in Russian).

Ivanova V, P. (1961): Thermograms of minerals. — Mem. AN-Union Min. Soc., 90,
50—90 (in Russian).

Jarkovsky J., Ci&gL B. (1958): Vyskyt diadochitu v Banskej Relej. — Geol. préce,
Zpravy 13, 97—104, Bratislava.

I(Al’l‘zik B. (1895): Rudni obzor kutnohorsky. — Rozpravy Ces, akad., II tf., 37,

—45.

IKraTocuviL J. (1957 -—1964): Topograflckd mineralogie Cech, I--VIL. — Naklad,
CSAV, Praha.

Kurz V. (1877): Geologicky nastin okolf kutnohorského. — Vyrodni zpr. néditelského
ist. v Kutne Hofe, T,

Larsen [, S. (1921): The wmicroscopic deternmination of the nonopague minerals, —
U. 8. Geol. survey Bull., 679, Washington.

Levrant M. (1964): Occurrence de slavikite dans le district du Kaymer (Aveyron), —
Bull. Sec¢. franc., Min. Crist., §7, 622.

Osmorr K., Kerr P. F. (1964): Infrared studies of sulfates from 11 to 25 microns. —
Sci. Rep. Tohoku Univ., 3, Ser 1, 1—55.

PsLacuE CH,, BERMAN H., FronpEL C. (1951): The system of mineralogy of J. 1.
Dana and E. S. Dana. — 7th Edit., New York — London.

SLavik F. (1925): Nerosty IKutnohorska, jejich vyskyt a vznik. — Sbor. vlastivéd,
stati o pol. okrese kutnohorském. Knih. plirudek z viastivédy Kutnohorska
a Uhlifskojanovicka, I, 67—90, Kutna Hora.

SLavik F. (1948): Uvod do specidlnf mineralogie. — Praha.

Stronz H. (1966); Mineralogische Tabellen. — Leipzig.

SuanpLuN T. N., NEsTEROvA Yu. S. (1947): Phosphoscorodite from the Blyava
deposit. -~ Menm. All-Unton Min. Soc., 76, 213—215 (in Russian).

Toussaint J., MeLoN J. (1955): Sur la maille de la destinézite. = Aan. Sov. Géol.
Belg., 79, B 41—B 44.

TepLidka Z., HoFeman V., (1965): Skorodit von Kutns llora (Kuttenberg), Tsche-
choslowalef. — Chem. Erde, 24, 223—229, Jena.

ULRrcu F. (1922): PHsp&vek k pozn4ni fosforeénantl eleza a hlinfku. — Rozpr. Ces.
ARad., tt. I1, 31, 10.

ULamcu F.Q(I 9310): Pifspévky k topografické mineralogii Cech IL — Ve&st. St4t. geol.
ist,, 6, 98—110.

WincneLL A. N, WincuerL H. (1951): Elements of optica! mineralogy, an intro-
duction on microscopic petrography, — New York,

BUKOVSKYIT, Fe,(AsO,)(50,) (OH).7 H,0 z KANKU U KUTNE HORY —
— NOVY MINERAL

FRANTISER NOVAK, PAVEL PovoNpRA, Jifi VTELENSKY

Bukovskyit se vyskytnje ve st¥edovekych halddch v Kafiku u Kuiné Hory'
(foto 1), Vznik4 recentné jako produkt zv&travan{ arzenopyritu. Jeho vyskyt Je
omezen pouze na severni &dst kutnohorského rudnfho cbvodu, kde jsou rudnf ¥ily
velmi bohaté ebecnymi kyzy, zejména pyritem, arzenopyritem a pyrhotinem. Tvotf
obyéejn& hlizovité, aZ 30 cm velké svétle Zlutozelend a% Sedozelené mikrokrystalické
agregdty podobné destinezitu (foto 2). Agregaty bukovskyitu json mekké, na po-
vrchu a¥ pra¥kovité a majf nerovny, zemity lom. Vryp je Zlutobfly. Snadno se roz!

BRSNS
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klad4 v HCI. Misty jsou v bukovskyitu nzavieny rozloZené tlomky hornin a Ziloviny.
V dutinkdch je moZno pozorovat chomélky jehlitkovitych krystalkll s ndznaky
radidlng paprséitého uspofddani. Hustota je 2,334, V prochazejfcim svétle ma
bukovskyit charakter bezbarvych nebo naZloutlyeh jehlidéek primémé velikosti
0,05 x 0,007 mm (foto 3). Xrystalky majf sloupeékovity habitus a pravdépodobné
monoklinicko-prizmatickou soumérnost, Index lomuy B’ = 1,582 a vy’ = 1,631, nihel
zha¥en{ =~ 22°, Morfologie a uspofad4n{ jemnych Krystalkd bukovskyitu bylo studo-
vdno v elektronovém mikroskopu metodon prisvitu i pomocf uhlikovych replik.
Charakter bukovskyitn v elektronovém mikroskopn demonstrujf mikrofotografie
5-—10. Z rozpoltu &tyt chemickyeh analyz nerostu vyplyvad ndsledujiel vzorec
{4 Fey(As0,) (SO4) (OH). 7 H,0. Tomuto vzorei odpovid4 teoretickd sloZen: Fe,05=
? = 32,60 %, As,0, = 23,46 %, SO, = 16,35 %, H,0 = 27,59 %, Urdité kolisan{
jevi obsah 4,0, coZ je zplisobeno z&4sti metakoloidnf povahou nerostu. Na infra-red
krivece byly prokdzdny absorpdnf pasy lontd (80,) a (AsO,), ddle krystalovd voda
a skupiny OH (obr, 3). Na GT'A-kfivce jsou dva vyrazné dbytky na vize (obr. 4, 6
a 7). Prvy v rozmezf 50—350 °C pfedstavuje 1inik krystalové vody a pravdépodobnd
téZ OH-skupin. Druhy méné intenzivn{ ubytek na véze v rozmezt 630—760 °C
predstavuje dlsociact sirann Zelezitého a 1inik SO,. Na DTA-kfivkach (obr. 5, 6 a 7)
se tyto Ubytlky na védze projevuji silnymi endotermufiui poklesy. Ddle se na nich
objevujl exoterminf efekty v rozmezi 640- -660 °C, které pFedstavuji pravdépodobne
', " krystalizaci komplexnich oxXysfranfi a arzeniénanll Zeleza. Rentgenograflckym
¥ vyzkumem bylo potvrzeno, Ze bukovskyit m4 krystalickou povahu a jeho pratkové
¥  rentgenové snimky (tab. 8) charakterizuji tyto nejintenzivn&jsl linic (v A4): ~9,6
' (10), ~9,2 (10), 5,30 (6—8), 4,47 (6—90), 3,90 (7-—9), 3,59 (7—9). Bukovskyit jo
K- mono povazovat za arzenifnanovy analog destinezitu a oba tyto pravdépodobng
3~ izostruktorni nerosty lze vyélenit jako samostatnon mineralnf skupinu, kam patti
‘B té6% chemicky bukovskyitu velmi blizky sarmientit. Sarmientit se viak od buko-
" skyitu odlifuje men§fm podflem krystalové vody a strukturné. Pitticil je mo¥no
° povaZovat za rentgenamorfni koloidni ekvivalent bukovskyitu a sarmientitu, po-
. dobné jako tomu je v pfipadé destinezitu a jeho amorfniho ekvivalentu diadochitu.
. Nazev bukovskyit byl novéinu nerostn dén na podest prof. A. Bukovského, ktery
‘§ studovany minerdl chemieky analyzoval jiz v roce 1914. Bukovskym byl studovany
‘¥*" minerdl popsin pod nazvem ,jedovA hiinlca kutnohorské.






